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CORUNDUM   AND   ITS   OCCURRENCE  AND   DISTRI- 
BUTION IN  THE  UNITED  STATES. 


By  Joseph  Hyde  Pratt. 


HISTOKICAT^  SKETCH. 

Ruby  and  sapphire,  the  corundum  gems,  have  been  known  since  pre- 
historic times.  Our  earliest  accounts  tell  of  their  use  among  the 
ancients,  both  as  ornaments  and  as  money.  The  early  Greeks  and 
Romans  were  not  only  familiar  with  these  gems,  but  made  consider- 
able investigation  into  their  physical  properties  and  described  their 
occurrences. 

Of  the  use  of  corundum  as  an  abrasive,  there  is  no  record  until 
recent  years.  Some  believe,  however,  that  the  perfection  of  the 
engravings  upon  monuments  of  the  Egyptians  is  due  to  the  use  of 
emery,  which  they  might  have  obtained  from  the  large  deposits  of  the 
Grecian  Archipelago. 

The  first  knoAvn  discovery  of  corundimi  in  quantity  sufficient  to 
make  it  of  value  as  an  abrasive  was  that  of  the  emery  fields  of  the 
Grecian  Archipelago,  and  up  to  1847  all  the  corundum  used  as  an 
abrasive  was  obtained  from  these  islands,  principally  from  the  island 
of  Naxos.  In  that  year  Dr.  J.  Lawrence  Smith,  the  American  pioneer 
in  corundum  mining,  then  in  the  employ  of  the  Turkish  Government, 
discovered  important  emery  deposits  in  Turkey.  The  importance  of 
this  discovery  Avas  clearly  realized  when,  in  1850,  on  account  of  the 
working  of  these  deposits,  the  price  of  emery  dropped  from  $140  to 
$70  and  $50  a  ton.  Since  that  time  both  the  Turkish  and  the  Grecian 
emeries  haA^e  been  mined  and  exported. 

In  India,  besides  the  occurrence  of  gem  corundum,  there  have  been 
Imown  for  many  years  various  localities  Avhere  corundum  not  of  a 
sapphire  variety  exists,  but  only  in  the  last  few  years  have  these 
deposits  been  developed  and  the  corundum  mined  and  exported  for 
abrasive  purposes. 

So  far  as  can  be  learned  from  the  literature  on  the  subject,  corundum 
Avas  first  known  in  America  in  1819.  In  that  year  Mr.  John  Dickson, 
of  Columbia,  S.  C,  sent  a  lot  of  minerals  Avhich  he  had  collected 
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on  a  tour  through  the  Carolinas  to  Prof.  B.  Silliman,  of  Yale  Uni- 
versity. In  the  collection  there  was  a  well-formed  six-sided  crystal 
of  blue  corundum,  three-fourths  of  an  inch  long  and  an  inch  in 
diameter,  with  parting  strise  developed  similar  to  those  of  the  East 
Indian  corundum.  The  crystal  was  sent  without  label,  and,  in  reply 
to  an  inquiry  as  to  its  locality,  Mr.  Dickson  wrote :  '^  "  I  think  it  was 
Laurens  district ;  at  all  events,  it  was  picked  up  by  my  own  hands,  if 
not  in  situ,  in  a  place  *  *  *  which  it  could  have  reached  only  by 
one  of  the  usual  and  natural  accidents  Avhich  displace  minerals  of  all 
kinds.     *     *     *     J  .^j-j-^  g^^pg  j|-  jt^  American  and  Carolinian." 

In  1822  both  Profs.  Edward  Hitchcock  and  Parker  Cleaveland '' 
described  a  mass  of  cyanite  found  at  Litchfield,  Conn.,  "  associated 
with  talc,  sulphuret  of  iron,  and  corundum  *  *  *  supposed  to 
weigh  1,500  pounds."  The  corundum  was  massive  and  in  six-sided 
prisms,  of  a  dark  grajdsh-blue  color,  and  embedded  in  cyanite.  Both 
of  these  authors  attribute  their  information  to  Mr.  John  P.  Brace. 

Mr.  Samuel  Robinson  in  1825  mentions  corundum  in  the  list  of 
minerals  occurring  in  the  vicinity  of  Franklin,  N.  J.^ 

In  April,  1827,  at  a  meeting  of  the  Lyceum  of  Natural  History, 
New  York,  "  Major  Delafield  rf  *  *  *  exhibited  crystals  of  sap- 
phire from  Newton,  Sussex  County,  N.  el."  In  1832  Doctor  Fowler  *^ 
described  this  locality,  pointing  out  the  geologic  and  mineralogic 
relations  of  the  corundum.  It  is  found  along  the  border  of  crystalline 
limestone. 

According  to  Mr.  W.  W.  Jeffries,  as  quoted  by  Mr.  Joseph  AYillcox, 
Messrs.  John  and  Joel  Bailey  claim  to  have  discovered  corundum  in 
the  serpentine  region  of  Chester  County,  Pa.,  about  1822  to  1825. 
Dr.  Thomas  Seal  collected  specimens  at  Union ville  about  1832;  Mr. 
Jeffries  himself  saw  large  lumps  in  the  fields  there  in  1837  or  1838 ;  f 
and  a  ton  of  surface  fragments  and  bowlders  was  collected  about 
1839  and  shipped  to  Liverpool.  But  the  search  for  the  source  of  this 
material  was  unsuccessful  till  1875,  when  a  large  lenticular  mass  was 
found  in  place.  This  consisted  chiefly  of  corundum  and  margarite 
and  carried  some  fine  specimens  of  diaspore.'' 

In  a  report  on  the  mineralogy  of  New  York,  in  1842,  Mr.  Lewis  C. 
Beck  mentions  the  occurrence  of  corundum  in  the  white  limestone 
near  Amity,  in  Orange  County. 

The  discovery  in  North  Carolina  was  of  a  large  detached  block  of 
dark-blue  laminated  corundum,  found  on  the  French  Broad  River  3 

»Am.  .Tour.  Sci.,  1st  ser.,  vol.  3,  1821,  pp.  4,  229,  230. 

*Am.  Jour.  Sci.,  1st  ser.,  vol.  6,  1823,  p.  219;  Cleaveland's  Mineralogy  and  Geology, 
Boston,  1822. 

*=  A  Catalogue  of  American  Minerals,  with  Their  Localities,  Boston,  1825,  p.  165. 
<'  Am.  Jour.  Sci.,  1st  ser.,  vol.  13,  1828,  p.  380. 
«Am.  Jour.  Sci.,  1st  ser.,  vol.  21,  1832,  pp.  319,  320. 
/  Second  Geol.  Surv.  Pennsylvania,  C,  1883,  pp.  346-351. 
0  Second  Geo).  Surv.  Pennsylvania,  B,  1895,  pp.  31-33. 
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miles  below  Marshall,  in  Madison  County,  in  the  spring  of  1847.« 
(xen.  T.  C.  Clingman,  after  considerable  search,  found  another  piece 
in  the  same  vicinity  in  1848,  about  a  year  after  the  first  discovery  of 
emery  in  place  in  Asia  Minor  by  Dr.  J.  L.  Smith. 

The  first  authenticated  record  of  the  occurrence  of  corundum  in 
Georgia  ^  was  made  in  1852,  when  Mr.  Phmt,  a  banker  of  Macon,  Ga., 
sent  a  ruby  crystal  to  Professor  Shepard  at  Amherst.  This,  like 
others,  had  been  found  in  washing  for  gold. 

In  1852  Mr.  W.  P.  Bhike  ^  described  corundum  from  the  new  local- 
ity at  Vernon,  Sussex  County,  N.  J.  In  the  spring  of  the  same  year 
Dr.  C.  L.  Hunter  "^  discovered  corundum  and  emery  in  place  in  Gaston 
County,  N.  C. 

The  first  record  of  the  occurrence  of  corundum  in  Canada  was 
made  in  1863.  The  report  of  the  Geological  Survey  of  Canada  for 
that  year  (p.  499)  describes  the  occurrence  of  corundum  in  Burgess. 

In  1864  the  occurrence  of  emery  at  Chester,  Mass.,  was  predicted  by 
Dr.  C.  T.  Jackson  because  of  his  discovery  there  of  margarite,  a  min- 
eral which  Dr.  J.  L.  Smith  had  just  found  to  be  characteristic  of  the 
emery  deposits  of  Asia  Minor.  On  the  6th  of  September  of  the  same 
year  Dr.  H.  S.  Lucas  ^  discovered  emery  in  what  had  before  been  con- 
sidered only  deposits  of  magnetic  iron  ore.  Two  years  later  distinct 
crystals  of  corundum  were  found  in  the  same  deposits.^  This  dis- 
covery of  emery  soon  led  to  the  establishment  of  active  mining,  the 
first  of  its  kind  in  America.  This  mine  is  still  worked,  and  though  it 
lias  not  been  operated  continuously  from  the  beginning,  it  is  still  the 
main  producer  of  corundum  in  this  country. 

In  1870  Mr.  Hiram  Crisp  found  the  first  corundum  that  attracted 
attention  to  the  present  mining  regions  of  North  Carolina,  at  what 
is  now  the  Corundum  Hill  mine  (PI.  IX).  A  specimen  was  sent  to 
Prof.  W.  C.  Kerr,  then  State  geologist  of  North  Carolina,  for  identi- 
fication, and  considerable  interest  was  aroused  upon  discovering  that 
it  was  corundum.  In  the  same  year  Mr.  J.  H.  Adams  ^  found  corun- 
dum in  a  similar  occurrence  at  Pelham,  Mass. 

In  1870-71  considerable  activity  was  displayed  in  the  search  for 
corundum  in  the  peridotite  regions  of  the  southwestern  counties  of 
North  Carolina,  and  new  localities  were  soon  brought  to  light  in 
Macon,  Jackson,  Buncombe,  and  Yancey  counties.  In  1871  Dr.  F.  A. 
v^Tenth  '*  also  discovered  the  emery  of  Guilford  County.     About  this 

«  Bull.  U.  S.  Geol.  Survey,  No.  74,  1891,  pp.  29-31. 

"  Am.  Jour.  Sci.,  8d  ser.,  vol.  4,  1872,  p.  109  ;  and  Geol.  Surv.  Georgia  Bull.,  2,  1894, 
p.  18. 

'■Am.  Jour.  Sci.,  2d  ser.,  vol.  1.3,  1852,  p.  116. 

**  Am.  Jour.  Sci.,  2d  ser.,  vol.  15,  1853,  p.  376. 

«  The  exact  date  was  furnished  by  Doctor  Lucas. 

f  Am.  Jour.  Sci.,  2d  ser.,  vol.  39,  1865,  pp.  87-00  ;    vol.  42,  1866,  p.  421. 

»Am.  Jour.  Sci.,  2d  ser.,  vol.  49,  1870,  p.  271. 

''Rept.  Geol.  Surv.  North  Carolina,  vol.  1,  1875,  p.  246. 
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time  Mr.  Crisp  and  Dr.  C.  D.  Smith  began  active  work  on  the  Corun- 
dum Hill  property,  and  obtained  about  a  thousand  pounds  of  corun- 
dum, part  of  which  was  sold  to  collectors  for  cabinet  specimens. 
Some  of  the  masses  that  were  found  weighed  as  much  as  40  pounds. 

Systematic  mining  for  corundum  did  not  begin  until  the  fall  of 
1871,  when  the  Corundum  Hill  property  was  purchased  by  Col. 
Charles  W.  Jenks,  of  St.  Louis,  Mo.,  and  Mr.  E.  B.  Ward,  of  Detroit, 
Mich.,  and  work  was  soon  begun  under  the  superintendence  of  Colonel 
Jenks.  This  was  the  first  systematic  mining  of  common  corundum 
as  distinguished  from  emery  and  the  gem  varieties  ever  undertaken 
in  this  country,  the  mining  at  Chester,  Mass.,  being  for  the  emery 
variety  of  corundum. 

In  the  following  spring  (1872)  the  Laurel  Creek  or  Pine  Mountain 
mine,  in  Rabun  County,  Ga.,  was  opened  by  Colonel  Jenks.  This  was 
the  beginning  of  corundum  mining  in  Georgia,  although  about  the 
time  that  corundum  was  first  found  at  Laurel  Creek  (1870)  Mr. 
William  R.  McConnell,  of  Hiawassee,  Towns  County,  had  obtained  a 
considerable  quantity  of  surface  corundum  on  his  estate.  In  the 
sj^ring  of  1875  both  the  Corundum  Hill  and  the  Laurel  Creek  mines 
passed  into  the  hands  of  Dr.  H.  S.  Lucas,  of  Chester,  Mass.,  who 
for  many  years  was  the  main  promoter  in  extending  the  corundum 
industry. 

In  1874  or  1875  corundum  was  discovered  near  Statesville,  in 
Iredell  County,  N.  C.  In  a  letter  in  regard  to  this  discovery  Mr. 
J.  A.  D.  Stephenson  writes : "  "  The  first  corundum  found  in  Iredell 
County  was  found  by  myself  near  where  the  Collins  (Acme)  mine 
is  now  located,  either  late  in  1874  or  early  in  1875.  It  was  a  mass 
weighing  probably  2  pounds.  I  also  found  a  lot  of  pink  fragments 
near  by."  Soon  afterwards  corundum  was  discovered  on  the  surface 
at  many  other  points  in  this  county  and  in  the  adjoining  (Alexander) 
county  on  the  west. 

Since  these  early  discoveries  prospecting  for  corundum  has  been 
carried  on  very  vigorously  in  the  peridotite  belt  of  Georgia  and  North 
Carolina,  and  many  deposits  have  been  located,  but  because  of  their 
remoteness  many  of  them  have  been  but  little  developed. 

Until  the  year  1899  the  corundum  deposits  of  Georgia  and  North 
Carolina  furnished  nearly  all  the  corundum  (exclusive  of  emery)  used 
in  this  country.  A  very  small  quantity  was  obtained  from  Penn- 
sylvania. Many  localities  throughout  the  Eastern  States  had  been 
prospected  for  corundum,  and  at  a  number  of  places  in  Alabama, 
South  Carolina,  Pennsylvania,  and  Massachusetts  mining  on  a  small 
scale  had  been  undertaken ;  but  although  in  most  cases  a  little  corun- 
dum was  shipped,  none  of  these  localities  developed  commercial  mines 
of  this  mineral. 


"  Letter  to  Prof.  J.  Volney  Lewis,  Rutgers  College. 
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In  1899  mining  was  begun  on  the  cunindmn  deposits  in  Ontario, 
Canada  (p.  151),  and  these  have  since  become  tiie  chief  producers  of 
this  mineral  in  America. 

A\\)rk  on  tJie  Montana  corundum  deposits  (p.  18;^)  began  in  1900, 
and  they  are  now  in  such  condition  that  their  product  can  be  shipped 
in  competition  with  that  from  other  k)calities. 

The  latest  discovery  of  corundum  in  America  wjis  in  Phniias 
County,  CaL  (p.  4ii).  It  Avas  prospected  to  some  extent  in  1901,  but 
no  conniiercial  quantities  of  corundum  have  been  located. 

NOMKNCIiATlIRE  OF  CORUNDUM. 

There  are  now  recognized  three  varieties  of  corunchnn,  depending 
on  purity,  degree  of  crystallization,  and  structure.  These  are:  (1) 
Sapphire,  including  all  the  highly  colored  varieties  of  corundum 
which  are  transparent  to  translucent  and  are  of  value  as  gems; 
(2)  corundum,  including  all  those  varieties  of  dark  and  dull  colors 
and  also  the  massive  lighter-colored  varieties  that  are  not  transparent, 
as  the  blue  to  gray,  brown,  and  white;  and  (3)  emery,  including  the 
intimate  mixture  of  very  fine  granular  corundum  with  magnetite  and 
sometimes  with  hematite,  in  appearance  very  similar  to  a  fine-grained 
iron  ore,  witli  which  it  was  at  first  often  confused.  These  varieties 
are  described  in  detail  on  pages  22  to  26.  In  1805  Haiiy  formally 
miited  these  different  varieties  under  the  one  species,  corundum. 

Various  names  derived  from  its  color,  hardness,  parting,  structure, 
etc.,  have  been  applied  to  corinidum.  The  following  names  have  been 
used  to  designate  the  different  varieties  of  this  mineral : " 

Names  that  have  been  aiJplied  to  corandmn,  sajjphire,  and  emery. 

SAPPHIRE. 

Amethiste  orientale.  Cat  sapphire. 

Anthrax  (Theophrastus).  Chlor  sapphire. 

Apyrote.  Corindoii  hyalin  (Haiiy). 

Asterie.  Coriiidon  perfect. 

Asteria  (Pliny).  Corindon  telesie   (Brongniart). 

Asteriated  sapphire.  Emerald. 

Barklyite  (Stephen).  Emeraude. 

Bleu  du  roi.  Emeraude  orientale. 

Blue  sapphire.  Green  sapphire. 

Bronze  corundum  (p.  104).  Hyacinth. 

Carbunculus  (Pliny).  Hyacinthos  (Pliny). 

"The  list  has  been  compiled  from  Dana's  System  of  Mineralogy,  sixth  edition;  Dic- 
tionary of  the  Names  of  Minerals,  by  Chester  ;  Catalogue  of  Minerals  and  Synonyms,  by 
Egleston,  and  from  the  names  used  by  the  lapidaries. 
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Hyaline. 

Jacut  (Arabian). 

Lichnis  (Pliny). 

Liichs  sapliir. 

l.uchs  sapphire. 

Lychnis  (Pliny). 

Lynx  sapphire. 

Occidental  amethyst. 

Opalescent  sapphire. 

Opaline. 

Oriental  aquamarine. 

Oriental  chrysolite. 

Oriental  emerald. 

Oriental  hyacinthe. 

Oriental  peridot. 

Oriental  ruby. 

Oriental  sapphire. 

Oriental  topaz. 

Orientalisk  rubin  (Wallerius), 

Pink  sapphire. 

Pearl  corundum  (p.  104). 


Ruble  etoilG. 

Rubin. 

Rubis. 

Rubis  oriental  (Werner). 

Sagenite  corundum  (p.  104). 

Salamstein  (Werner). 

Salamstone. 

Saphir  (Werner). 

Saphir  asteria. 

Saphir  blanc. 

Saphir  de  chat. 

Saphir  etoile. 

Sapphire. 

Sapphirus   (Wallerius). 

Spath  adamantine  (Delameth). 

Star  sapphire. 

Star  stone. 

Telesia  (Haiiy). 

Telesie  (Haiiy). 

White  sapphire. 

Yellow  sapphire. 


CORUNDUM. 


Adamant  (Kirwan). 

Adamantine  spar  (Kirwan). 

Adamas  siderites  (Pliny). 

Alumina. 

Anthrax. 

Armenian  stone  (King). 

Corindon  (Haiiy). 

Corindon  adamantine    (Brongniart). 

Corindon  harmophane   (Haiiy). 

Corivendum. 

Corivindum  (Woodward). 

Corundite. 

('orundum  (Greville). 

Demantspath   (Klaproth). 


Diamond  spar. 

Gyrasole  (Kirwan). 

Hard  spar. 

Imperfect     corundum     (Greville-Bour- 

non ) . 
Karund   (Hind). 
Korund  ( Werner ) . 
Kurund  (India). 

R hombohedra  1  corundum  ( James ) . 
Rhombohedrischer  corund  (Mohs). 
Soimonite. 

Spath  adamantine   (Delameth). 
Thoneride. 


Acone  ex  Armenia  (Theophrastus). 

Armenian  stone. 

Armenian  whetstone. 

Corindon  granuleux  (Haiiy). 

Emeri. 

Emeril  (Haiiy). 

Emeri te  ( Shepard ) . 

Emery. 

Fer  oxyde  quartzifere  (Haiiy). 

Granular  corundum. 

Grinding  spar. 


Naxium  (Pliny). 

Naxium  ex  Armenia  (Pliny). 

Pyrites  vivus  (Pliny). 

Schmergel. 

Schmirgel. 

Smergel  ( Wallerius ) . 

Smirgel. 

Smiris  (Agricola). 

Smiris  ferrea  (Wallerius). 

Smyris  (Agricola  and  Dioscorides). 
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PHXSIGAI.  PROPERTIES  OF  CORUNDUM. 

CRYSTAL  FORM. 

Corundum  crystallizes  in  the  rhombohedral  division  of  the  hex- 
agonal system.  There  is  considerable  variation  in  the  form  of 
crystals  from  different  localities,  but  in  their 
common  development  they  usually  show  the 
forms  of  the  prism  and  the  pyramid  of  the 
second  order,  «(1120)  and  ?i(2243),  in  combi- 
nation Avith  the  base  c(OOOl),  and  the  rhombo- 
hedron  y'(lOll).  This  unit  or  finidamental 
rhombohedron  differs  but  little  in  angle  from 
the  cube. 

There  are  two  common  types  of  crystals. 
One  is  prismatic,  in  which  the  prism  a{1120)  is 
the  prominent  form  and  is  sometimes  termi- 
nated simply  by  the  base  6'(0001),  fig.  1,  and 
again  by  the  base  and  the  rhombohedron 
r(lOll),  or  by  the  base,  the  rhombohedron,  and 
the  pyramid  V^(  2243),  fig.  2.  The  other  is  flat 
and  tabular,  in  which  the  basal  plane  is  the 
prominent  form,  the  crystals  being  often  a 
combination  of  the  base  and  the  rhombohe- 
dron, 7%  fig.  2,  PI.  V,  or  of  the  base  and  the  prism,  fig.  16,  Z?,  or  a  com- 
bination of  the  two,  fig.  1  of  PL  V. 

Pyramidal  crystals  m  which  the  pyramid 
of  the  second  order  /^2243)  is  the  prominent 
form  (fig,  3)  are  common  in  but  few  locali- 
ties. The  more  complicated  forms  of  crystals, 
as  in  fig.  4,  are  rarer,  and  it  is  the  simple 
crystals  that  are  the  most  often  observed. 

When  the  crystals  are  small  they  are 
usually  well  developed,  with  smooth  faces 
and  sharp  edges;  the  larger  crystals  are 
rough,  striated,  often  rounded,  and  taper 
slightly  toward  the  end,  like  a  barrel,  so  that 
they  are  sometimes  called  "barrel  corundum." 
The  basal  plane  often  shows  characteristic 
striations  which  are  parallel  to  the  intersec- 
FiG.  2.— Corundum  crystal.  ^ious  of  the  basc  c  and  the  three  faces  of  the 
rhombohedron  r,  as  shown  in  fig.  5  of  PI.  V.  The  lines  are  often  very 
sharp  and  distinct,  especially  on  the  tabular  crystals.  In  other  cases 
the  basal  plane  is  marked  by  a  series  of  concentric;  hexagons  whose 
sides  are  parallel  to  the  intersection  of  the  base  c  with  the  prism  of  the 


Fig.  1.— Corundum  crys- 
tal, prism  terminated 
by   base,   Cowee  Valley, 

N.    C. 


a 
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Fig.  8. — Pyi-amidal  crystal 
of  Ceylon  corundum. 


becoiul  order  a^  fig.  5.     These  hexag'oiial  markings  vary  considerably 
in  size,  distinctness,  regularity,  etc.     This  zonal  structure  has  been 

observed  on  many  varieties  of  corundum. 
Sometimes  the  base  is  divided  into  sections 
by  lines  radiating  from  a  point  at  the  center 
to  the  edges  of  base  c  on  the  prism  c/,  fig.  5. 

TWINNING. 

Penetration  twins  of  corundum  have  been 
observed,  but  they  are  not  at  all  common. 
The  most  connnon  twinning  plane  of  corun- 
dum is  parallel  to  the  rhombohedron  /'  ( lOll )  > 
The  most  prominent  twinniiig  is  pol3^syn- 
thetic;  that  is,  the  twinning  has  been  re- 
peated, forming  a  series  of  plates  or  lamella* 
in  twin  position.  This  type  of  twinning  often  produces  a  laminated 
structure,  and  sometimes  it  gives  rise  to  a  surface  that 
is  distinctly  striated,  consisting  of  minute  reentrant  and 
salient  angles.  This  twinning  also  produces  the  rhom- 
bohedral  parting  described  below. 

Recently"  a  new  twinning  plane  has  been  identified 
in  corundum  which  is  parallel  to  the  base  c  (0001 ) .  The 
crystals  in  which  this  twinning  plane  is  developed  were 
gray  and  ruby  red  in  color,  and  have  been  found  spar- 
ingly in  the  Ruby  mine  on  Caler  Fork  of  Cowee  Creek, 
Macon  County,  N.  C.  They  Avere  first  observed  by 
Mr.  W.  E.  Hidden,  and,  as  stated  by  him,  the  two  best 
crystals  measured  6  nun.  in  diameter  and  length.  They 
are  characterized  by  reentrant  angles  (w,  i22i3)  on  the 
prismatic  faces  (a,  1120)  and  some  slight  natural  cor- 
rosion. 

PARTING. 


Fig.  4. — Corun- 
dum crystal, 
India  (after 
Mallet). 


a 


Fig.  5. — Corundum  crystal  illustrat- 
ing radial  lines  in  a  l)asal  plane 
extending  from  center  of  base  to 
edges  of  prism. 


What  Avas  considered  by  the  earlier 
mineralogists  to  be  a  cleavage  in  corun- 
dum has  been  shown  to  be  a  parting 
produced  by- the  action  of  mechanical 
or  chemical  forces  or,  perhaps,  of  both 
acting  together. 

As  early  as  1802  Count  de  Bournon  ^ 
had  pointed  out  that  certain  corun- 
dums,    especially    sapphires,    did    not 


"  Hidden,  William  E.,  Am.  .Tour.  Sci.,  vol.  13,  1902,  p.  474. 

^  Description  of  the  corundum  stone  and  its  varieties  :    Philos.  Trans.  Royal  Soc,  Lon- 
don, vol.  92,  1802,  pp.  233-326. 
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show  any  cleavage,  l)iit  broke  Avitli  a  conclioidal  to  spliiiiery  fracture. 
IVof.  J.  W.  Judd'^  has  shown  that  unaltered  corunchnn  does  not 
exhibit  any  trace  of  cleavage. 

There  are  three  crystallographic  i)]aiics  along  wliich  parting  has 
been  observed : 

1.  Parting  has  been  observed  parallel  to  the  base  c  (0001).  Judd  ^ 
says:  "That  this  basal  plane  is  a  solution  plane  of  corundum  is 
shown  by  the  fact  that  the  crystals  from  Burma  and  other  localities 
which  have  undergone  partial  conversion  into  diaspore  and  hydrous 
silicates  exhibit  a  remarkable  step-like  structure  (resembling  that  of 
the  '  Babel  quartz  '  on  a  very  minute  scale),  showing  that  the  chemical 
disintegration  of  the  crystal  has  been  governed  by  the  existence  of 
these  solution  planes.  This  fact  is  beautifully  illustrated  in  the  fine 
ruby  presented  to  the  British  Museum  by  Mr.  Ruskin,  which  exhibits 
the  shaly  structure  due  to  corrosion  and  the  natural  etched  figures  in 
a  very  striking  manner.  I  have  no  doubt  that  this  fine  ruby  came 
from  Burma,  and  many  small  specimens  which  I  have  examined  from 
the  same  locality  exhibit  similar  characters.  As  in  the  case  of 
murchisonite  and  diallage,  the  multiplication  of  cavities  along  certain 
planes  gives  rise  to  a  plane  of  weakness  or  a  parting  scale  in  the 
crystal  along  Avhich  it  readily  divides." 

The  basal  parting  plane  often  shows  a  pearly,  or  sometimes  sub- 
metallic,  luster,  which  is  decidedly  different  from  the  vitreous  to 
adamantine  luster  of  the  crystal  faces.  This  basal  parting,  although 
perfect  over  a  portion  of  the  crystal,  may  be  interrupted,  and  its  con- 
tinuation will  be  step-wise  along  a  nearly  parallel  plane.  In  general, 
crystals  can  not  be  broken  into  plates  with  parallel  faces,  as  would  be 
the  case  if  the  mineral  possessed  a  cleavage. 

2.  The  parting  planes  ])arallel  to  the  unit  rhombohedron  r  (1011) 
are  twinning  planes,  which,  it  is  believed,  have  been  caused  by  pres- 
sure. It  has  been  observed  that  a  crystal  without  this  rhombohedral 
parting  may  be  destitute  of  any  lamellar  structure ;  or,  as  Tschermak 
has  pointed  out,  it  may  be  developed  on  Iavo  of  the  rhombohedral 
planes  and  be  almost  or  entirely  lacking  on  the  third. 

3.  This  parting  plane,  which  is  parallel  to  the  prism  a  (1120),  is 
seldom  observed  by  the  actual  breaking  of  the  corundum  crystals,  but 
can  be  seen  in  thin  sections  under  the  microscope.  It  is  best  seen  in 
the  corundum  from  the  Chantabon  Hills,  in  Siam. 

The  parting  planes  developed  in  corundum  have  a  marked  effect 
upon  its  value  as  an  abrasive.  Many  corundums  which  exhibit  this 
parting  in  the  larger  fragments  soon  begin  to  break  with  irregular 


"Mineral.  Mag.,  vol.  11,  1895,  p.  50. 
''  Loc.  cit. 
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fracture,  so  that  only  the  higher  luiinbers  of  the  commercial  corundum 
(coarser  grades)  show  the  traces  of  this  parting  developed  in  them. 
In  some  the  parting  is  so  developed  that  even  in  the  finer  numbers  the 
particles  of  corundum  still  show  parting,  which  destroys  greatly 
their  cutting  quality  or  efficiency.  In  crushing  the  ores  in  which  the 
parting  is  developed  to  this  extent,  a  great  deal  of  fine  powder  called 
ftour  corundum  is  produced,  thus  causing  a  waste  of  considerable 
material. 

If  this  parting  is  developed  in  coriuidum  which  has  been  made 
into  a  wheel,  the  cutting  poAver  is  greatly  reduced,  for  the  corundmn 
grains,  instead  of  breaking  with  an  irregular  fracture  and  pro- 
ducing a  cutting  edge,  split  along  the  planes  of  parting,  and  thus 
tend  to  produce  a  smooth  surface. 

FRACTURE. 

The  fracture  of  corundum  is  irregular  to  conchoidal,  and  it  is  this 
kind  of  fracture  that  is  necessary  to  give  the  best  cutting  i)ower  to 
the  grains.  If,  however,  the  parting  planes  exist,  the  corundum 
grains  will  break  along  them,  since  they  offer  the  least  resistance,  and 
the  value  of  the  corundum  is  thereby  materially  decreased. 

HARDNESS. 

Next  to  the  diamond,  corundum  is  the  hardest  mineral  known. 
The  hardness  varies,  although  but  slightly,  with  the  different  varie- 
ties. The  value  usually  ascribed  to  corundum  is  9,  which  is  that  of 
the  blue  sapphire  variety,  but  all  corundums  do  not  reach  this  value. 
The  ruby  is  slightly  less  hard,  ranging  from  8.8  to  about  9. 

In  emery  it  is  the  corundum  which  causes  the  high  degree  of  hard- 
ness, even  though  the  grains  of  corundum  themselves  can  not  always 
be  distinguished. 

ABRASIVE   EFFICIENCY. 

The  hardness  of  corundum  must  not  be  confused  with  its  abrasive 
efficiency,  for,  although  most  corundums  vary  but  slightly  in  hard- 
ness, there  is  often  a  wide  variation  in  the  amount  of  a]:)rasion  that 
they  are  able  to  accomplish.  The  hardness  represents  the  resistance 
offered  by  the  corundum  to  abrasion  or  to  being  scratched  by  other 
substances  and  also  its  power  of  scratching  other  substances.  Any 
fragment  of  corundum  that  is  entirely  free  from  alteration  or 
decomposition  will,  when  tested  as  to  its  hardness,  be  found  to  be 
close  to  9,  and  will  scratch  any  of  the  minerals,  except  the  various 
varieties  of  corundum  and  the  diamond.  This  same  material,  how- 
ever, may  have  a  cutting  efficiency  that  is  very  much  below  that  of 
another  corundum  whose  hardness  is  just  the  same. 
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The  abrasive  efficiency  of  a  iniiieral  is  (lepeiideiit  on  its  liardness 
and  its  fracture.  If  the  mineral  is  hard  and  the  i>rains  break  and 
wear  away  in  such  a  manner  that  instead  of  l)ec()uiin<j^  rounded  <»:ood 
cutting  edges  are  kept  exposed,  tlie  abj-asive  efliciency  is  liigh.  'Hiis 
efficiency  is  measured  by  the  amount  of  abrasion  u])on  a  given  surface 
in  a  given  time. 

Many  experiments  have  been  made,  and  in  a  number  of  ways,  to 
measure  the  abrasive  efficiency  of  a  corundum;  but  it  is  becoming 
apparent  that  the  only  safe  method  to  determine  its  cutting  power 
is  to  have  it  made  up  into  Avheels  and  to  have  these  tested  as  if  they 
were  in  actual  use. 

SPECIFIC  GRAVITY. 

The  specihc  gravity  of  corundum  is  about  4,  varying  from  3.95  to 
4.10.  This  high  specific  gravity  is  of  considerable  assistance  in  recog- 
nizing corundum  in  the  field,  for  there  are  but  few  of  the  nonmetallic 
or  light-colored  minerals  that  have  a  sj)ecific  gravity  as  high  as  this, 
and  none  of  these  are  liable  to  be  found  in  the  corundum  regions. 

OPTICAL    PROPERTIES. 

The  luster  of  corundum  is  adamantine  to  vitreous,  while  that  of 
emery  is  metallic  to  submetallic.  On  the  basal  surface  of  corundum 
the  luster  is  sometimes  pearly. 

Pleochroism  in  ordinary  light  is  very  strongly  marked  in  the  deeply 
colored  varieties,  especially  the  sapphires  and  rubies,  the  ruby  show- 
ing a  deep  red  color  when  viewed  in  the  direction  of  the  vertical 
axis,  and  a  nuich  lighter  color  to  nearly  colorless  in  some  instances 
when  viewed  at  right  angles  to  this  axis.  The  sapphire  exhil)its  a 
deep  blue  color  wlien  viewed  in  the  direction  of  the  vertical  axis,  and  a 
greenish  to  greenish  Avhite  or  bluish  white  when  viewed  at  right  angles. 
By  means  of  this  pleochroism  exhibited  by  corundmn,  the  stones  are 
readily  distinguished  from  spinel,  garnet,  and  other  gem  minerals, 
which  resemble  some  of  the  corundmn  gems. 

The  action  of  the  Roentgen  rays  or  X  rays  upon  corundum  gems  is 
another  means  of  distinguishing  the  ruby  and  the  sapphire  from  other 
minerals  which  resemble  them,  and  from  artificial  or  imitation  stones. 
-Corundum  allows  these  rays  to  pass  through  it  freely,  being  exceeded 
in  this  respect  only  by  the  diamond,  which  allows  the  passageof  ten 
times  as  much  light.  According  to  their  resistance  to  the  i)assage  of 
the  X  rays,  Doctor  Doelter "  has  arranged  the  minerals  into  the  fol- 
the  X  rays.  Doctor  Doelter «  has  arranged  the  minerals  into  the  follow- 
ing groups,  the  diamond  allowing  the  most  light  to  pass  through  it: 

«  Separat  Abdruck  aus  Mitthoil.  naturwiss.  Ver.  f.  Steiermark,  .Tahrg.  1895,  Mar.  26, 
1896  ;  and  Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3,  1895-96,  p.  922. 
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Rank  of  mmerah  accordiruj  to  resistance  to  passage  of  X  rays. 


1.  Diamond. 

2.  Coi'uiidum. 

3.  Talc. 

4.  Quartz. 


5.  Rock  salt. 

6.  Calcite. 

7.  Ceriissite. 

8.  Realgar. 


Corundiiin  is  iiorinally  uniaxial  with  negative  double  refraction. 
The  mean  index  of  refraction  is  high,  being  about  l.T()5.  For  the 
various  indices,  see  page  23.  The  double  refraction  of  corundum  is 
0.008  to  0.009,  or  about  the  same  as  quartz.  Some  varieties  of  corun- 
dum have  been  observed  that  are  abnormally  biaxial. 

CHEMICAL   COMPOSITION   OF   CORUIS^DUM. 

Theoretically  pure  corundum  contains  only  alumina,  ALO.^ ;  but 
with  few  exceptions,  all  the  specimens  that  have  been  examined  show 
the  presence  to  a  greater  or  less  degree  of  other  chemical  compounds, 
the  principal  ones  being  silica  (SiOo),  water  (H.,0),  and  ferric  oxide 
(Fe^03).  Water  is  almost  always  present  in  amounts  from  a  trace 
to  2  per  cent  or  more.  The  silica  and  ferric  oxide  also  vary  from 
nothing  in  some  corundums  to  as  much  as  5  per  cent  in  others.  Of 
course  this  does  not  apply  to  emery,  which  is  a  mechanical  mixture  of 
corundum  and  magnetite;  but  it  does  apply  to  the  corundum  when 
separated  from  the  mixture,  and  the  impurity  in  this  corundum  is 
usually  ferric  oxide.  The  purest  known  form  of  corundum  is  the 
transparent  crystallized  variety,  or  what  might  be  called  the  sapphire 
or  gem  variety. 

In  the  following  table  a  few  analyses  are  given  of  both  American 
and  foreign  corundums : 

Analyses  of  corundum. 


Locality. 

AloO:,. 

FeaOy. 

SiO,. 

HoO. 

Insolu- 
ble resi- 
due. 

Total. 

Analyst. 

Hastings      County, 
Ontario 

Per  cent. 

96.92 
97.  51 
97.  82 

98.79 
95.51 

Per  cent. 

Per  cent. 

Per  cent. 
2.43 

Per  cent. 
1.36 

100.71 

100. 20 

99.62 

101.22 

98.58 

Wells. 

Sapphire  from  India  ^ 

1.89 
1.09 

.75 

.88 

0.80 
1.21 

.90 
1.45 

Smith. 

Ruby  from  India  _  ^  _ 

Do. 

Corundum  Hill 
mine,  North  Car- 
olina - 

.78 
.74 

Emerson. 

Laurel  Creek  mine, 
Georgia 

Do. 

These  analyses  are  of  selected  pure  material,  and  not  of  the  com- 
mercial product,  which  contains  besides  corundum  varying  quantities 
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of  other  alumina  and  iron  minerals.  In  the  analysis  of  a  commercial 
corunduiu  the  percentage  of  alumina  found  does  not  indicate  the  per- 
centage of  corundum  in  the  sample,  for  many  other  minerals,  as 
spinel,  amphibole,  pyroxene,  chloi'ite,  garnet,  etc.,  that  are  in  the 
sample  contain  more  or  less  alumina,  which  would  also  be  included  in 
the  percentage  obtained.  To  determine,  therefore,  the  percentage  of 
rorinidum  in  a  sam])le,  it  nnist  be  directly  separated  from  the  rest  of 
the  minerals  that  are  a  part  of  the  sample.  A  number  of  bad  errors 
and  erroneous  statements  have  been  made  regarding  commercial 
corundum  by  estimating  the  quantity  of  corundum  by  the  percentage 
of  alumina  ol)tained  in  the  chemical  analysis,  which  rated  the  sample 
altogether  too  high.  This  mistake  has  been  made  in  regard  to  the 
emery  from  near  Peekskill,  N.  Y.,  described  on  pages  137-138.  In 
this  emery  there  is  sometimes  a  larger  per  cent  of  spinel  than  of  corun- 
dum, but  in  the  chemical  analysis  of  the  commercial  product  the 
percentage  of  alumina  would  not  be  very  much  below  a  good  emery, 
for  the  mineral  spinel  contains  nearly  72  per  cent  of  alumina.  The 
abrasive  efficiency  of  such  an  emery  Avould  be  considerably  lower 
tlian  that  of  a  true  emery,  as  the  cutting  quality  of  the  spinel  is  much 
loAver  than  that  of  the  corundum. 

DETERMINATION    OF    PERCENTAGE    OF    CORUNDUM    IN    AN    ORE. 

The  material  is  crushed  in  an  iron  mortar  so  as  to  go  through  a 
14-mesh  sieve  and  sampled.  Two  grains  of  the  material  are  taken 
and  treated  with  concentrated  hydrochloric  acid  on  the  water  bath 
for  two  hours.  The  residue  is  then  filtered  off,  dried,  and  fused 
one-half  hour  with  6  grams  of  sodium-carbonate  mixture  (two  part  ; 
NaX^0;5,  one  part  KoCO.,)  in  a  platinum  crucible  over  an  ordinary 
P)unsen  I)urner.  The  fused  mass  is  digested  with  hot  water,  and  the 
solution  is  decanted  through  a  filter.  The  residue  is  treated  with  a 
large  excess  of  dilute  hydrochloric  acid,  and  this  solution  is  decanted 
thi-ough  the  same  filter.  The  filter  paper  is  dried  and  ignited  in  a 
])latinum  dish,  the  residue  from  treatment  Avith  hydrochloric  acid  is 
added  to  the  dish,  and  the  whole  treated  Avith  an  excess  of  concen- 
trated hydi'ofluoric  acid.  The  excess  of  hydrofluoric  acid  is  evapo- 
rated off  on  the  water  bath,  the  residue  is  treated  with  hot  w^ater,  and 
is  finally  transferred  to  an  ashless  filter  paper.  This  i)a]>er  and  its 
contents  are  dried  and  then  transferred  to  a  weighed  ])latiniun 
crucible.  The  paper  is  removed  by  ignition;  the  crucible  is  cooled 
and  weighed.  The  increase  in  weight  (residue)  is  calculated  as  pure 
corundum. 
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DESCRIPTION   OF  THE   THREE  VARIETIES. 

SAPPHIRE   OR  GEM   CORUNDUM. 
ESSENTIAL   PROPERTIES   OF    A    GEM. 

As  the  terms  "  ^em  mineral  "  and  "  preeioiis  stone  "  are  used  at  the 
present  time  tliey  <ipply  to  three  dasses  of  minerals:  (1)  Those  which 
are  of  value  for  ciitting  and  use  in  jewelry  and  are  commonly  desig- 
nated as  gems,  as  diamond,  rnby,  beryl,  amethyst,  etc.;  (2)  those 
which  are  used,  after  cutting  or  polishing,  for  ornamental  or  deco- 
rating purposes,  as  quartz,  jade,  agate,  malachite,  etc.;  and  (8)  those 
which  from  their  rarity  and  beauty  are  of  ornamental  or  miner- 
alogical  value,  as  quartz  crystals,  rhodochrosite,  calcite,  etc.  As  is 
evident,  these  divisions  so  overlap  that  no  sharp  lines  can  be  draw^n 
between  them.  The  word  "  gem  "  is  used  ordinarily  to  designate  any 
precious  stone  wdien  cut  or  polished.  In  mineralogy  the  term  is  often 
used  for  a  class  of  minerals  whose  hardness  is  over  7  (or  harder 
than  quartz)  and  Avhich  are  without  metallic  luster  and  are  brilliant 
and  beautiful.  The  unit  of  weight  of  gems  is  designated  by  the 
term  '*  carat,''  and  the  international  carat  is  equal  to  8.168  grains  or 
250  milligrams.  This  meaning  of  the  Avord  should  not  be  confused 
with  that  which  refers  to  the  fineness  of  a  gold  alloy. 

The  properties  of  a  mineral  that  determine  its  value  as  a  gem 
are  its  rarity,  hardness,  color,  index  of  refraction,  and  luster.  As  an 
illustration  of  how  the  hardness  affects  the  value  of  a  mineral  for 
gem  purposes,  sphalerite  might  l)e  cited.  This  mineral,  with  an 
index  of  refraction  and  luster  not  far  from  that  of  the  diamond,  has 
a  hardness  of  only  3.54,  which  effectually  excludes  it  from  being  a 
gem  mineral. 

SAPPHIRE   AS   A   OEM. 

Corundum  has  properties  that  place  some  of  its  varieties  among 
the  most  valuable  gems.  With  the  exception  of  the  diamond,  it  is  the 
hardest  mineral  known,  and  the  rarity  and  color  of  the  ruby,  the  red 
corundum,  has  made  that  gem,  when  more  than  a  carat  in  weight, 
more  valuable  than  a  diamond  of  corresj^onding  weight.  Corundum 
has  been  found  in  almost  all  the  colors  of  the  rainbow,  and  in  the  fol- 
lowing list  its  gems  have  been  classified  according  to  color.  They  are 
very  often  designated  by  the  prefix  "  oriental,''  to  distinguish  them 
from  gems  of  the  same  name  whose  mineral  composition  and  char- 
acter ar-e  entirely  different. 
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S!(il>l)jLir('s  or  coniiidinn  ffpiiis. 

Oriental  or  true  ruby_  _  _ Red  of  various  shades. 

Pink  sapphire Rose  or  pink. 

Oriental  amethyst Purple. 

Oriental  sapphire Blue  of  various  shades. 

Opaline _. i 

Girasol iPale  blue  or  hhiish  white. 

Hyaline  J 

Oriental  emerald Green. 

Oriental  topaz Yellow. 

White  sapphire ) 

Diamondspar . jColorless. 

Star  sapphire 1 

Chatoyant lOpalescent. 

Asteria J 

All  these  varieties  of  corundum  gems  have  been  found  in  the  United 
States.  The  North  Carolina  and  Montana  cornndums  excel  in  variety 
of  color  those  from  other  localities  in  this  country,  having  been 
found  ruby-red,  rose,  and  all  intervening  shades,  pink,  sapphire-blue, 
dark-blue  to  pale-blue,  emerald-green,  and  green  of  various  shades, 
violet  to  purplish,  yellow  of  various  shades,  brown,  gray,  black,  and 
colorless. 

INDICES   OF    REFRACTION    OF    GEMS. 

In  index  of  refraction  corundum  is  lower  than  a  number  of  the 
commoner  gem  minerals.  In  tlie  following  table  the  relative  posi- 
tion of  the  corundum  is  shown : 


Gem. 

Li=Red. 

Na=Yellow. 

Tl= Green. 

Diamond 

Zircon 

Almandite  (garnet).- 
Pyrope  (garnet) 

Sapphire  (corundum) 
Riiby  (corundum)  .. 
Rhodolite  (garnet)  _  _  _ 
Spinel  ruby  (spinel)  _  _ 
Hiddenite.. 

2. 4135 

1.8000 
1.7776 

GJ                 E 

1.7678-1.7598 
1.7675-1.7592 

1.7121 

2. 4195 

00                  E 

1.9236-1.9682 
1.8056 
1.8141 

2. 4278 

1.8113 

1.8288 

Descloix. 

Pratt. 
Descloix. 

Do. 

Do. 

1.7496 

1.7155 
/f=1.669 
/i= 1.615 

^                £ 

1.6374-1.6196 
1.5893-1.5821 
1.5841-1.5780 
1.5441-1.5532 

Pratt. 

Topaz 

00                 E 

1.6409-1.6232 
1.5921-1.5848 

Tourmaline 

Aquamarine  (beryl)  _ 
Emerald  (beryl) 

GO                  £ 

1.6347-1.6172 
1.5862-1.5791 

1.5391-1.5480 

Do. 

Dufet. 

Amethyst 

1.5542-1.5636 

24 
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HARDNESS    OF    GEMS. 


The   next    table   shows   the   relative   position   of   corundinn    with 
respect  to  hardness: 


Gem. 


Diamond 

Sapphire 

Ruby 

Spinel  ruby . .  _ 

Topaz  

Emerald  beryl 
Beryl...  ^      ... 


Hardness. 

10 

9 

8.8- 

9 

8 

8 

7.5- 

■  8 

7.5- 

8 

Q-em. 


Zircon 

Rhodolite 

Pyrope 

Almandite 

Amethyst 

Hiddenite 


Hardness. 

7.5 
7.5 

7.5 
7.5 

7 
6.  5-7 


As  is  show^n  by  the  above  tables,  sapphire  is  fifth  in  refractive  index 
and  second  in  hardness.  Ruby  is  sixth  and  third,  respectively;  but, 
as  is  Avell  known,  it  is  not  its  brilliancy  (which  is  dependent  on  index 
of  refraction),  but  its  rich  pigeon-blood  color,  luster,  and  trans- 
parency which  are  so  highly  prized.  It  is  these  qualities,  together 
with  its  hardness  and  rarity,  that  make  the  pigeon-blood  ruby,  when 
of  more  than  one  carat  and  free  from  flaws,  the  most  valual)le  of 
gems. 

The  gems  occur  in  the  mines  in  three  forms:  F.irst,  as  crystals,  of 
which  there  are  two  distinct  types — the  hexagonal  prisms  terminated 
by  rhombohedrons  and  pyramids,  sometimes  with  basal  plane,  the 
larger  crystals  being  often  rounded  or  barrel-shaped,  and  the  flat, 
tabular  crystals  in  which  the  basal  plane  is  very  largely  developed: 
second,  as  transparent  colored  portions  of  larger  massive  pieces  of 
corundum ;  and  third,  as  nodules  of  finer  and  clearer  material  in  a 
mass  of  corundum  in  which  parting  has  been  highly  developed.  The 
nodules,  when  separated  from  the  mass  of  corundum,  often  have  the 
appearance  of  rolled  pebbles. 

CORUNDUM. 

The  varieties  that  are  brought  under  this  head  are,  with  the  excep- 
tion of  emery,  all  those  that  can  not  be  used  as  gems.  As  a  com- 
mercial product  there  are  differences,  such  as  texture,  purity,  etc., 
that  have  considerable  influence  upon  its  value,  in  the  same  way  in 
which  color  and  transparency  affect  the  gem  corundum.  Although 
the  hardness  of  the  pure  corundum  is  practically  the  same — that  is, 
9 — the  cutting  qualities  of  corundum  vary,  as  has  already  been  stated, 
according  to  the  alteration  that  lias  taken  place  in  the  mineral  and 
to   the   development  of   parting   planes.     The   usual   colors   of  this 
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ordinaiy  corundum  are  gray  to  white,  shades  of  bhie,  white  mottled 
with  bhie,  and  also  the  darker  colors,  broAvn  to  black. 

According  to  its  structure,  corundum  is  divided  into  three  groups, 
known  as  (1)  block  corundum,  (2)  crvstal  corundum,  and  (8)  sand 
corundum.  These  three  varieties  of  corundum,  which  are  present 
at  the  different  mines,  are  sometimes  all  three  found  in  the  same  mine, 
although  not  all  three  in  the  same  vein. 

BLOCK    CORITNDITM. 

Block  corundum  includes  the  massive  corundum,  whether  in  small 
or  large  masses.  A  maSvS  of  block  corundum  weighing  over  5,000 
pounds  has  been  reported  to  have  been  taken  from  the  Laurel  Creek 
mine,  Rabun  County,  (la.  This  mine  has  probably  furnished  the 
largest  blocks  of  corundum  of  any  in  the  world.  In  some  of  the 
deposits  the  block  corundum  is  often  intermixed  with  feldspar,  horn- 
blende, nuiscovite,  margarite,  or  chlorite,  etc.,  according  to  the  char- 
acter of  the  rock  in  which  it  occurs,  so  that  the  separation  of  the 
corundum  from  these  foreign  minerals  is  sometimes  a  rather  difficult 
process.  Whei'e  the  corundum  occurs  in  masses  of  considerable 
weight,  there  is  often  great  inconvenience  in  mining,  as,  on  account 
of  its  toughness  and  hardness,  it  is  not  always  readily  l)roken  and  it 
is  almost  impossible  to  drill  through  it.  The  block  corundum,  which 
shows  but  little  development  of  the  parting  planes  already  referred 
to  and  no  ingrowth  of  muscovite,  margarite,  or  chlorite  in  cracks 
or  seams,  makes  the  l)est  corundum  ore,  and  the  difficulty  of  cleaning 
is  reduced  to  a  minimum. 

CRYSTAL    f  ORITNDUM. 

Under  this  head  are  included  all  the  crystal  varieties  of  corundum. 
These  are  j^resent  in  deposits  of  both  sand  and  block  corundum.  At 
many  of  the  localities  the  crystals  show  the  hexagonal  prism  merg- 
ing into  the  jiyramid,  thus  causing  the  crystal,  as  it  tapers  toward 
the  end,  to  assume  the  form  known  as  "  barrel  corundum.''  At  a 
number  of  mines  loose,  tapering  crystals  of  rather  indefinite  form 
are  found,  which  are  inclosed  by  compact  margarite.  At  many  of 
the  veins  the  crystals  occur  in  a  mass  of  feldspar,  at  others  in 
biotite  or  nuiscovite,  and  at  still  others  in  chlorite. 

SAND    CORUNDUM. 

Sand  corundum  consists  of  very  small  to  minute  crystals  and  small 
irregular  grains,  such  as  are  found  in  the  chlorites  and  vermiculites 
developed  in  the  ore  bodies  occurring  between  the  peridotite  and  other 
rocks,  such  as  gneisses  and  schists. 
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EMERY. 

Emery  is  the  intimate  mechanical  admixture  of  corundmn  and  either 
magnetite  or  hematite.  Its  vahie  as  an  abrasive  is  dependent  ii])on  the 
percentage  of  corundnm,  for  it  is  to  the  presence  of  this  mineral 
that  the  emery  owes  its  abrading  qualities.  This  mechanical  admix- 
ture of  corundum  and  either  hematite  or  magnetite  is  usually  so  inti- 
mate that  no  separation  of  the  two  on  a  commercial  basis  can  be 
made,  and  emery  can  therefore  not  be  used  as  a  source  of  corundum. 
When  very  finely  crushed,  the  iron  oxide  can  be  separated  from  the 
emery  by  means  of  an  ordinary  electromagnet.  Examined  under 
the  microscope,  the  two  minerals  can  be  seen  distinctly.  Sometimes 
the  corundum  is  in  coarse  grains  or  distinct  crystals.  At  Chester, 
Mass.,  emery  has  been  found  containing  crystals  of  corundum  nearly 
half  an  inch  in  diameter. 

In  appearance  emery  is  very  similar  to  fine-grained  iron  ore,  and 
when  it  contains  the  iron  oxide,  magnetite  (FcgO^),  it  is  almost 
identical  in  appearance  with  that  ore  itself.  Its  color  is  blue-black 
to  black,  and  it  has  a  metallic  luster.  When  emery  was  first  dis- 
covered, it  was  mistaken  for  an  iron  ore,  and  a  number  of  cases  might 
l)e  cited  where  attempts  have  been  made  to  work  deposits  of  emery 
for  iron  ores.  At  the  largest  American  deposit,  which  is  located  at 
Chester,  Mass.,  it  was  first  thought  to  be  a  magnetic  iron  ore,  and  blast 
furnaces  were  erected  and  the  mine  was  operated  as  such.  At  the 
first  attempt,  how^ever,  to  smelt  the  ore  in  the  furnaces  they  became 
clogged  up,  and  the  mine  was  condemned  as  containing  a  very  refrac- 
tory ore.  The  mine  remained  idle  for  a  number  of  years.  Dr.  H.  Sv 
Lucas  then  bought  it  and  began  to  operate  it  as  a  source  of  emery. 
This  mine,  which  is  now  oAvned  and  operated  by  the  Ashland  Emery 
and  Corundum  Company,  and  the  mines  at  AVestchester,  N.  Y.,  pro- 
duce all  of  the  emery  that  is  mined  in  this  country. 

Spinel  sometimes  is  associated  with  emery.  At  times  the  spinel  is 
largely  in  excess  of  the  corundum,  and  the  mineral  then  might  well 
be  called  a  ''  spinel  emery.''  This  is  well  illustrated  at  the  West- 
chester mines,  in  New  York  State,  and  in  some  of  the  emeries  from  the 
Grecian  islands. 

Emery  is  sold  on  the  market  under  the  head  of  Turkish,  Naxos, 
Chester,  and  Peekskill  emery,  according  to  the  locality  from  which  it 
is  obtained.  It  was  first  obtained  from  the  Grecian  islands,  the  prin- 
cipal one  of  which  is  Naxos,  upon  Avhich  there  have  been  seventeen 
deposits  of  emery  located.  This  locality  controlled  the  emery  market 
until  the  important  explorations  of  Mr.  J.  Lawrence  Smith  developed 
the  large  deposits  in  Asia  Minor.  By  these  discoveries  a  new  source  of 
emery  was  opened,  which  at  once  reduced  the  price.  The  best  Turkish 
emery  is  thought  to  be  that  which  is  found  in  the  Abbot  ndne,  and  it 
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iy  considered  by  many  to  excel  in  (Quality  the  best  Naxos  emery 
obtained  from  the  (irecian  ishmds.  The  Chester  emery,  whicli  was 
at  one  time  considered  not  to  be  a  true  emery,  has  taken  its  pUice  with 
the  Naxos  and  Turkish  emery,  and  is  considered  by  many  to  be  supe- 
rior to  these.  For  a  description  of  tlie  foi-eion  (Mueries,  see  ])a^es  155- 
157. 

CORITN^DITM-BKARTNG   ROCKS   1^   THE    TrN^TIF.T)    STATF.S. 

A  generation  ago  corundum  was  regarded  as  a  comparatively  rare 
mineral,  whereas  now  it  is  known  to  be  widely  distributed  in  nature. 
With  the  exception  of  emery,  it  was  thought  to  occur  in  quantity 
only  in  the  basic  magnesian  rocks,  such  as  the  peridotites  and  their 
serpentine  derivatives.  Now  it  is  known  to  occur  abundantly  in 
syenites  and  other  igneous  rocks,  as  well  as  in  various  gneisses  and 
schists.  It  has  been  found  in  many  crystalline  rocks,  and  in  some  of 
them  as  an  original  mineral,  but  only  within  the  last  few  years  has 
it  come  to  be  regarded  as  an  essential  rock  constituent,  as  in  the 
syenites  of  Ontario,  Canada,  and  of  Montana,  and  in  similar  rocks 
of  California  and  Colorado.  In  some  cases  it  is  und()u})tedy  a 
product  of  metamorphism. 

Corundum  has  been  found  in  igneous  and  metamorphic  rocks  and 
in  alluvial  deposits.  AVhere  it  occurs  in  the  igneous  rocks  it  is  either 
as  a  direct  constituent  of  the  more  acid  intrusive  rocks,  or  it  occurs 
as  segregated  masses  near  the  periphery  of  the  basic  intrusive  rock, 
or  is  associated  with  inclusions  that  have  been  picked  up  by  the  intru- 
sive rocks.  In  the  metamorphosed  rocks  the  corundum  is  either  one 
of  the  original  constituents  of  the  igneous  rock  that  has  been  sub- 
jected to  metamorphism  or  the  result  of  regional  metamorphism  by 
which  shales,  bauxite,  or  other  rich  aluminous  minerals  have  been 
converted  into  corundum,  or  it  may  be  due  to  contact  metamorphism, 
the  corundum  occurring  simply  in  the  narrow  zone  adjoining  the 
intrusive  rock.  In  the  alluvial  deposits  the  corundum  is  found 
either  in  the  recent  alluvium  composed  of  soil,  or  in  sands,  or  in 
gravels. 

There  a  large  number  of  rock  types  in  which  corundum  has  been 
found,  and  although  they  do  not  represent  entirely  different  modes 
of  occurrence  of  corundum,  as  perhaps  the  classification  given  above 
indicates,  still  in  the  present  paper  the  descriptions  of  the  modes  of 
occurrence  of  corundum  are  given  accoi'ding  to  the  type  of  rock  in 
which  the  corundum  is  found,  and  no  attempt  has  been  made  to 
classify  them  directly  according  to  the  outline  given  above.  They 
are,  hoAvever,  divided  into  those  Avhich  occur  in  igneous  rocks,  meta- 
morphic rocks,  and  alluvial  deposits. 

Descriptions  of  these  various  modes  of  occurrence  are  given  below, 
some  of  which  are  discussed  in  connection  with  th(»  question  of  the 
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origin  of  corundum.  The  descriptions  are  taken  up  in  the  following 
order:  Modes  of  occurrence  in  the  United  States  and  occurrences  not 
found  in  the  United  States. 

At  the  present  time  corundum  is  known  to  occur  in  the  United 
States  in  the  following  rocks,  descriptions  of  whicli  follow  in  the 
order  given  in  the  subjoined  list : 

ConunJiiiii-heariHf/   rods   in    Tnitcd-  Htatcfi. 


Igneous . 


Metamorphic. 


Peridotite.        Norite,         r  Granite. 

Pyroxenite.      Plnmasite.  \  Syenite. 

Amphibolite.   Andesite.     I  Pegmatite. 

Anorthosite.   [Monchiquite. 

Serpentine,      r  Quartz-schist. 

Gneiss.  \  Amphibole-schist. 

Mica-schist,    i  Chlorite-schist. 

Crystalline  limestone. 

Alluvial Gravel  deposits. 

Undetermined Emery. 

CORUNDUM    IN    IGNEOUS    ROCKS. 

CORUNDUM    IN    PP^RIDOTTTE.'^' 

Extending  from  Tallapoosa  County  in  east-central  Alabama  into 
the  Gaspe  Peninsula  on  the  Gulf  of  St.  Lawrence,  a  distance  of  more 
than  1,600  miles,  there  is  a  narrow  belt  of  disconnected  outcrops  of 
peridotites  and  closely  allied  basic  magnesian  rocks,  which  cut  the 
ancient  crystalline  belt  of  eastern  North  America.  These  l)asic  rocks 
can  be  traced  north  more  or  less  continuously  to  near  Trenton,  N.  J., 
where  the  crystalline  rocks  pass  under  the  younger  formations.  The 
crystalline  rocks  again  make  their  appearance  south  of  Hobokcn, 
N.  J.,  and  at  this  place  and  on  Staten  Island  there  are  large  masses 
of  serpentine.  Many  other  outcrops  of  serpentine,  and  in  some  cases 
of  unaltered  peridotites,  have  been  observed  in  Connecticut  and 
Massachusetts,  but  it  is  not  until  central  Vermont  is  reached  that  tlie 
belt  again  forms  a  more  continuous  line,  and  then  continues  through 
southeastern  Quebec  into  ihe,  Gaspe  Peninsula.  The  large  areas  of 
serpentine  tliat  are  known  to  exist  in  the  western  part  of  the  island 
of  Newfoundland  extend  the  belt  al)Out  400  miles  farther. 

Throughout  nearly  the  entire  southern  portion  of  the  l)elt,  in 
North  Carolina,  Georgia,  and  Alabama,  the  peridotite  rocks  show  a 
freshness  almost  to  the  surface  of  the  exposures,  and  there  are  few 
localities  where  there  is  any  considerable  area  of  peridotite  entirely 
altered  to  serpentine.  Under  the  microscope  thin  sections  of  the 
dunite   show   an   alteration   to   serpentine   between   the   particles   of 


«  Corundum  and  the  peridotite  of  western  Nortli  Carolina  :   North  Carolina  Geol,  Sur- 
vey, vol.  1,  1905. 
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olivine.  These  peridotite  rocks  have  Ikhmi  shown  to  be  of  igneous 
origin/*  The  bhint  lenticular  fcu'ui  in  which  they  are  found  would 
he  difficult  to  associate  with  any  origin  l)iit  that  of  an  intruded  igne- 
ous mass,  which  Avould  also  account  for  f\\i\  ap()])hyses  that  have  been 
observed  extending  into  the  inclosing  gneiss.  At  AVebster,  Jackson 
County,  N.  C,  a  large  block  of  gneiss  is  completely  inclosed  by  the 
])eridotites  in  such  a  mannc^r  as  could  be  attributed  only  to  the  intru- 
sion of  the  latter  Avhile  in  a  molten  condition.  The  line  of  separation 
of  the  peridotites  and  the  gneisses  is  always  sharp,  and  there  is  no 
transitional  zone  from  the  acid  gneiss  to  the  basic  peridotite.  Under 
the  microscope  the  latter  rock  shoAvs  the  granular  structure  character- 
istic of  plutonic  origin,  the  grains  fitting  2)erfectly  into  one  another 
without  cementing  materiaL 

Associated  with  all  these  peridotites  is  the  mineral  chromite,  which 
occurs  as  disseminated  particles  near  the  borders  of  the  lenticular 
nuisses  of  the  peridotites.  There  is  very  little  calcite  found  associated 
with  these  rocks,  and  what  has  been  observed  is  unquestionably  of 
secondary  origin. 

Five  years  ago  the  common  occurrence  of  corundum  (not  including 
emery),  and  the  occurrence  in  which  the  mineral  had  been  found  in 
commercial  quantity,  was  in  association  with  these  basic  magnesian 
rocks — peridotites,  principally  dunite.  The  dunite  variety  of  peri- 
dotite is  the  more  common  one  throughout  the  southern  area,  and  it 
is  Avith  this  variety  that  most  of  the  corundum  is  associated.  PI.  II 
is  a  reproduction  of  a  photograph  of  an  outcrop  of  peridotite  (dunite) 
at  Buck  CVeek,  Clay  County,  N.  C. 

The  peridotites  and  associated  basic  rocks  occur  as  oval,  lenticular, 
and  irregular  masses  and  sheets  in  a  region  of  metamorphic  rocks 
composed  chiefly  of  biotite-gneiss.  As  subordinate  facies  of  this 
normal  gneiss,  however,  more  or  less  extensive  areas  of  hornblende- 
gneiss,  mica-schist,  and  quartz-schist  are  developed.  Peridotites  are 
found  inclosed  by  or  in  contact  Avith  all  of  these  A^arious  types.  On 
account  of  greater  resistance  to  Aveathering  it  often  happens  that 
hornblende-g-neiss  is  most  conspicuous  in  outcrops,  even  w^here  rela- 
tiA'ely  iniimportant  in  extent.  Plence  it  has  often  been  reported  that 
the  peridotites  are  always,  or  at  least  in  most  cases,  associated  Avith 
hornblende-gneiss. 

The  gneiss  is  usually  considerably  decomposed  near  the  contact, 
and,  while  retaining  the  appearance  of  the  unaltered  rock,  it  readily 
crumbles  Avhen  handled.  The  peridotite  is  also  generally  altered 
near  the  contact,  but  in  quite  a  different  manner  from  the  gneiss.  In 
fact,  it  usually  sIioavs  a  strong  tendency  to  undergo  complete  decom- 
position, in  which  only  a  residue  of  quartz  or  chalcedony  and  an 


"  Lewis,  J.  A'.,  Elisha  Mitchell  Sci.  Soc.  Jour.,  pt.  2,  1895,  p.  35.     Pratt,  J.  H.,  Am.  Jour. 
Sci.,  4th  ser.,  vol.  6,  1898,  p.  50. 
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oclierous  clay-like  substance  remain.  This  contact  decomposition  is 
altogether  difl'erent  from  and  independent  of  the  alteration  to  ser- 
pentine Avliich  almost  luiiversally  characterizes  the  peridotites  of  this 
region.  Only  a  moderate  degree  of  serpentinization,  hoAvever,  is 
usually  observed,  not  enough  in  the  majority  of  cases  to  be  visible  to 
the  naked  eye;  and  in  only  a  few  localities  has  it  proceeded  to  the 
extent  of  entirely  replacing  the  original  rock. 

The  corundum  found  in  thes^  peridotites  does  not  occur  as  acces- 
sory mineral  or  as  rock  constituent,  but  is  concentrated  either  near 
the  contact  of  the  peridotite  and  the  inclosing  gneissic  rocks  or  in 
pockets  Avithin  the  mass  of  the  peridotite.  A  series  of  secondary 
minerals,  hoAvever,  has  been  developed  both  along  the  contacts  and 
Avith  the  corundum  masses  Avithin  the  peridotite,  so  that  the  corundum 
is  not  found  in  direct  contact  Avith  either  the  peridotite  or  the  gneiss, 
nor  are  these  rocks  in  contact  Avith  each  other.  The  secondary 
minerals  are  chiefly  chlorites,  vermiculites,  enstatite,  and  talc,  and 
are  not  in  any  sense  the  results  of  contact  metamorphism.  It  is  cus- 
tomary to  refer  to  these  corinidum-bearing  zones  as  ''  A^eins,''  and 
that  term  is  used  here  merely  for  convenience,  Avithout  implying  any 
particular  character  or  origin.  Those  occurrences  about  tile  borders 
of  the  peridotites  are  designated  as  "  border  veins,"  and  those  Avholly 
Avithin  the  peridotite  as  ''  interior  veins."  " 

The  appearance  and  general  character  of  the  veins  difi'er  someAvhat 
in  these  tAvo  classes.  The  interior  veins  trend  approximately  toAvard 
the  center  of  the  peridotite  mass,  generally  groAving  gradually  thinner 
in  this  direction  until  they  pinch  out  altogether.  This  character  Avas 
distinctly  observed  at  Buck  Creek,  Clay  County,  N.  C.,  and  at  Laurel 
Creek,  Rabun  County,  Ga.  (PL  XIU.B,  and  PI.  XVII,  B).  In  the 
border  veins,  hoAvever,  the  corundmii  seems  to  extend  doAvuAvard 
indefinitely  along  the  plane  of  contact,  varying  irregularly  and  some- 
times very  greatly,  both  vertically  and  horizontally,  but  exhibiting 
no  marked  tendency  to  thin  out  in  any  particndar  direction.  The 
border  veins  often  give  off  branches  into  the  peridotite,  Avhich  grad- 
ually thin  out  toAvard  the  center  of  the  mass  and  exhibit  the  usual 
characteristics  of  interior  veins.  These  distinctions  betAveen  the  two 
types  of  A^eins  haA^e  been  observed  by  many  of  those  Avho  have  mined 
and  prospected  for  corundum  in  this  region. 

In  a  cross  section  of  a  border  A^ein  extending  from  the  gneiss  to  the 
peridotite  (dunite)  the  folloAving  sequence  is  often  observed: 

a.  Gneiss,  hornbleiidic  or  inieaceous,  apparently  unaltered. 
h.  Gneiss  with  same  general  appearance  as  a,  but  so  decayed  that  the  particles 
readily  separate  from  one  another. 

«  In  Bulletin  180  on  The  occurrence  and  distribution  of  corundum  in  the  United  States. 
"  contact  vein  "  was  used  instead  of  "  border  vein,"  and  "  dunite  vein  "  instead  of 
"  interior  vein."     Bull.  U.  S.  Geol.  Survey,  No.  180,  1901,  p.  12. 
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c.  Yellowish  vermieulites,  varyiiij;  coiisidei-ubly  in  thickness,  the  maximiiin 
being  6  to  8  inches ;  in  places  absent,  so  that  h  comes  directly  in  contact  with  d: 
where  present,  o  often  merges  into  d. 

d.  Green  chlorite,  varying  in  thickness  much  like  c,  and  in  places  absent. 

e.  Chlorite  and  corundum,  sometimes  with  a  little  vermiculite.  In  i)laces  tliis 
mass  may  be  largely  corundum,  and  it  is  what  is  called  the  "  corundum  vein," 
varying  in  thickness  from  a  few  inches  to  12  or  15  feet. 

f.  Green  chlorite;  so  far  as  observed  always  present,  and  varying  in  width 
from  1  to  12  inches. 

(J.  Enstatite;  in  places  hard  and  comi)act,  and  in  widths  of  several  feet: 
usually  merges  into  h. 

h.  Talcose  rock,  usually  fibrous,  varying  in  thickness  from  a  few  inches  to 
several  feet. 

/.  Dunite,  more  or  less  altered,  friable,  and  stained  with  ferric  oxide. 

k.  Dunite,  apparently  unaltered,  quite  extensive. 
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Fig.  6. — Ideal  cross  section  of  a  corundum  border  vein  at  the  Corundum  Hill  mine,  Nortli 
Carolina,  a,  Fresh  and  unaltered  gneiss  ;  b,  decayed  and  unaltered  gneiss  ;  c,  vermicu- 
lites ;  d,  green  chlorite ;  e,  corundum-bearing  zone ;  f,  green  chlorite ;  <j,  enstatite ; 
h,  talcose  rock  ;  ij  clay  ;  /,  altered  dunite ;  k,  unaltered  dunite. 

Between  A  and  j  a  seam  of  yellowish  clay  (i)  is  sometimes  observed 
which  often  contains  a  narrow  seam  or  fragments  of  chalcedony. 

From  Avhat  conld  be  learned  by  actual  observation  and  inquiry 
among  the  miners,  c  and  d  are  sometimes  absent,  and  when  this  is  the 
case,  e,  a  mixture  of  chlorite,  A^ermiculite,  and  corundum,  is  seem- 
ingly in  direct  contact  with  h.  The  chlorite,  however,  on  the  dunite 
side  of  the  section  is  constant.  The  thickness  of  the  several  zones 
(«,  &,  r,  etc.)  in  such  sections  varies  greatly  at  different  places,  and 
the  distance  across  the  sections  may  be  said  to  vary  at  different 
points,  even  in  the  same  region,  from  a  few  feet  to  30  or  40  feet.  The 
accompanying  diagram  (fig.  6)  represents  the  cross  section  of  a 
border  vein  observed  at  the  Corundum  Hill  mine,  Cullasagee,  Macon 
County,  N.  C. 
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The  line  of  contact  betAveen  the  zone  of  alteration  products  and  the 
gneiss  was  very  sharj)  and  distinct  in  all  the  contact  veins  examined. 
The  minerals  cleA^eloped  between  the  corundum-bearing  zone  and  the 
dunite  are  in  great  abundance  and  differ  from  those  between  that  zone 
and  the  gneiss. 

In  a  cross  section  of  an  interior  vein  at  a  shaft  near  the  southern 
part  of  Corundum  Hill,  in  a  distance  of  from  20  to  25  feet,  the  follow- 
ing has  been  observed : 

1.  Dunite,  liard  ;aid  apparently  unaltered. 

2.  Dunite,  somewhjit  friable  and  discolored,  passing  into  3. 

3.  Talcose  rock,  fibrous,  merging  into  4. 

4.  Enstatite,  grayish  and  somewhat  fibrous. 

5.  Green  chlorite,  (j  to  15  inches  in  width. 

6.  Green  chlorite,  corundum,  and  spinel,  G  to  8  feet  wide. 

7.  Chlorite,  same  as  5. 

8.  Enstatite,  same  as  4. 

9.  Talcose  rock,  same  as  3. 

10.  Dunite,  same  as  2. 

11.  Dunite,  same  as  1. 
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Fig.  7. — Cross  section  of  an   interior  vein   at  a  shaft   near  southern   part  of   (Jonindum 

Hill,  North   Carolina. 

The  similarity  of  the  two  parts  of  the  vein  separated  by  the  corun- 
dum zone,  as  already  described  and  as  illustrated  in  fig.  7,  is  very 
apparent. 

Although  the  section  just  described  is  a  special  case,  it  was  observed 
that  all  of  the  interior  veins  had  the  same  character  on  both  sides  of 
the  corundum-bearing  zone.  As  has  been  already  stated,  either  a 
talcose  or  a  serpentine  rock  may  be  the  limit  of  the  cross  section.  In 
one  of  the  interior  veins  at  Corundum  Hill  near  the  west  end  of  the 
outcrop,  the  zone  of  corundum,  chlorite,  and  vermiculites  is  in  direct 
contact,  both  on  the  hanging  and  on  the  foot  wall,  with  a  serpentine 
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rock.     This  zone  is  divided — in  one  ])liU'e  almost   pinched  oiil — by  a 
mass  of  serpentine. 

It  is  to  be  noted  that  the  zones  1,  2,  8,  4,  5,  and  (>,  of  fig.  7,  are 
practically  identical,  respectively,  with  the  zones  /•,  /,  //,  ^/,  /,  and  e  of 
fig.  6.  This  marked  similarity  is  noted  further  on  page  85,  under 
the  discussion  of  the  origin  of  corundum  in  tlu*  ])eridotites. 

An  important  variation  from  the  normal  modes  of  occurrence  with 
pcridotite,  as  just  described,  has  been  observed  at  a  number  of  locali- 
ties by  the  develoj^ment  of  a  zone  of  corundnmdnniring  plagioclase. 
This  is  found  either  in  the  corundum-bearing  zone  of  chlorites  and 
vermiculites  {e  and  (>  of  cross  sections  given  in  figs.  G  and  7),  or 
entirely  replacing  these  zones.  The  feldspar,  in  the  specimens  deter- 
mined, is  a  basic  lime-soda  species;  is  sometimes  fine  grained  and  com- 
])act;  at  other  times  it  is  very  coarsely  crystallized,  and  varies  in  dif- 
ferent localities  from  a  fcAV  inches  to  several  feet  in  thickness.  In 
addition  to  the  corundum,  it  is  found  to 
contain,  in  different  localities,  large  masses 
of  zoisite,  coarse  black  hornblende,  and 
other  minerals.  Examples  of  these  zones 
of  feldspar  and  corundum  are  found  at  a 
number  of  places  on  Shooting  and  Buck 
creeks,  Clay  County ;  at  the  Bad  Creek 
mine,  Sapphire,  Trans^dvania  County,  and 
at  the  Carter  mine,  Madison  County,  N.  C. ; 
{;nd   also   at  the   Track   Kock   and   Laurel 

simi- 
lar interior  vein  at  the  Hamlin  mine,  on  Egypt  mine,  Yancey  county, 
the  headwaters  of  Ellijay  Creek,  m  Macon  ^'  ^' 
County,  N.  C.,  contains,  as  its  central  member,  a  band  of  pegmatite  4 
inches  thick,  but  not  bearing  corundum,  so  far  as  observed.  This 
occurrence  is  very  similar  to  the  occurrence  of  corundum  in  plumasite 
described  on  page  42. 

At  all  of  the  corundum  localities  examined  a  careful  search  has  been 
made  to  find  corundum  directly  surrounded  by  the  peridotite,  but  this 
has  been  observed  at  only  one  locality — the  Egypt  mine,  on  the  west- 
ern slope  of  Sampson  Mountain,  in  Yancey  County,  N.  C.  The 
few  specimens  obtained  w^ere  collected  by  Mr.  U.  S.  Hayes,  who 
developed  the  corundum  property  in  that  section.  One  specimen 
shows  a  prismatic  crystal  of  the  corundum  surrounded  by  a  granular 
peridotite  (dunite),  but  with  none  of  the  chlorite  minerals  which 
usually  intervene.  The  dunite  is  not  quite  fresh,  but  is  stained  a  yel- 
lowish brown  by  iron  oxide  and  is  rather  friable.  On  the  basal  sur- 
faces of  the  corundujn  a  little  muscovite  is  developed.  This  has  been 
observed  on  corundum  from  other  localities. 
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Soon  after  the  discovery  of  coriuidiiiii  at  Buck  Creek,  Clay  Count3% 
N.  C,  Dr.  C.  D.  Smith,"  in  describing  the  minerals  associated  with 
corundum  at  this  locality,  stated  that  he  found  "  chrysolite  attached 
as  an  enveloping  matter  to  considerable  masses  of  corundum.''  But 
neither  Dr.  Smith  nor  any  other  writer  Avho  has  described  this  locality 
since  that  time  and  while  mining  operations  Avere  carried  on  has  made 
any  further  mention  of  this  occurrence.  A  careful  search  has  failed 
to  discover  any  further  specimens  shoAving  this  association ;  thus  the 
occurrence  at  the  Hayes  mine  is  the  only  one  knoAvn  at  the  present 
time. 

Corundum  has  been  obserA"ed,,hoAve\"er,  in  serpentine,  Avliich  is  one 
of  the  most  common  alteration  products  of  the  peridotites.  Spec- 
imens of  this  nature  haA^^  been  found  at  the  Cullakeenee  mine,  Buck 
Creek,  Clay  County,  N.  C.  Some  of  them  sIioav  small  particles  of 
corundum  either  partly  or  Avholly  surrounded  by  serpentine,  and  the 
Avhole  mass  of  corundum  and  serpentine  surrounded  by  clinochlore. 
In  one  specimen  a  streak  of  corundum  about  an  inch  thick  lies  be- 
tAveen  two  zones  of  serpentine  Avhich  are  from  one-quarter  to  three- 
quarters  of  an  inch  thick,  and  these  zones  are  bordered,  in  turn,  by 
talcose  and  enstatite  rock. 

Spinel  has  been  found  at  a  number  of  the  corundum  veins,  and  in 
a  feAv  cases  it  is  very  intimately  associated  Avith  the  corundum.  At 
the  Carter  mine,  near  Democrat,  Buncombe  County,  N.  C.,  the  corun- 
dum is  found,  in  masses  of  a  white  and  pink  color,  intergroAvn  Avith 
a  greenish-black  spinel.  The  masses  of  corundum  and  spinel  are 
partially  surrounded  by  a  deep-green  chlorite,  Avhich  has  also  been 
developed  in  places  between  the  corundum  and  the  spinel,  although 
this  contact  of  the  corundum  and  the  spinel  is  usually  very  sharp  and 
distinct.  A  massiAT,  coarsely  to  finely  granular  spinel  is  found  at  the 
Corundum  Hill  mine.  Macon  County,  N.  C,  Avhich  has  disseminated 
through  it  small  grains  and  fragments  of  pink  and  Avhite  corundum. 

The  mineral  chromite,  Avhich  has  always  been  found  associated  Avith 
these  peridotite  rocks,  occurs  sparingly  in  many  of  the  corundum 
veins.  It  is  a  Avell-observed  fact ''  that  Avhere  there  is  any  quantity  of 
corundum  found  in  the  peridotite  rocks  there  is  a  scarcity  of  chro- 
mite, and  Avhere  there  is  a  large  quantity  of  chromite  there  is  a 
scarcity  of  corundum.  The  chromite  does  not  occur  in  as  Avell-defined 
A'^eins  as  the  corundum,  and  is  often  in  masses  or  pockets  Avhich  appar- 
ently have  no  relation  AvhateA^er  to  one  another.  BetAveen  the  chro- 
mite and  the  peridotite  there  is  not  developed  a  large  series  of 
alteration  products,  as  has  been  observed  Avith  the  corundum,  and  the 
chromite  is  very  commonly  found  inclosed  directly  by  the  fresh 
peridotite. 

An  occurrence  of  corundinn  Avith  peridotite  that  is  very  different 
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from  the  usual  one  observed  in  North  Carolina  and  (Jeoroia  is  found 
near  Pelham,  Mass."  A  lenticular  mass  of  hai-zhurgite  (saxonite) 
about  40  feet  in  width  of  outcrop  and  about  '200  feet  long  is  inclosed 
by  gneisses.  A  zone  of  bronze-colored  biotite,  usuall^^  4  by  8  inches 
thick,  which  incloses  the  coriuulum  is  developed  along  i)ortions  of 
the  peridotite  boundary.      (See  page  53.) 

CORUNDUiVr    IN    PYROXENITE. 

At  many  of  the  corundum-bearing  peridotite  localities  in  North 
Carolina,  such  as  those  of  Macon,  Jackson,  and  Transylvania  counties, 
a  pyroxenite  composed  of  interlocking,  coarse-bladed,  gray  enstatite 
constitutes  an  important  part  of  the  outcrop;  and  at  a  number  of 
places  the  pyroxenite  alone  forms  oval  and  lenticular  masses  in 
every  way  similar  to  those  composed  of  peridotite.  In  Ijoth  cases 
corundum-bearing  zones  of  secondary  minerals  are  frequently  formed 
along  the  borders  of  the  pyroxenite  and  intersect  the  mass  of  tlie 
rock  in  exactly  the  same  manner  as  described  above  for  peridotite. 
Enstatite  rocks  are  somewhat  connnon  in  North  Carolina,  but  acces- 
sory minerals  in  them  are  rare,  and  the  most  common  one  observed 
is  chromite,  in  small  grains.  In  a  few  instances  corundum  has  been 
found  in  them. 

Corundum  has  also  been  observed  sparingly  in  the  enstatolite 
variety  of  pyroxenite  itself  in  at  least  two  localities,  namely,  at  the 
Rattlesnake  mine,  near  Sapphire,  Jackson  County,  and  at  a  locality 
on  the  West  Fork  of  French  Broad  River,  in  Transylvania  County. 

Corundum  is  also  intimately  associated  with  a  hy})erstheQite 
(pyroxenite)  dike  cutting  the  gneisses  on  Thumping  Creek,  Clay 
County,  where  it  occurs  in  a  zone  of  fine,  scaly,  broAvn  mica  developed 
along  the  plane  of  contact  between  the  dike  and  the  gneiss.  It  is  also 
found  in  a  very  small  amount  in  the  hypersthenite  itself.  The  dike 
is  a  very  dark,  fine-grained  rock,  which  the  microscoi)e  shoAvs  to  be 
composed  of  strongly  pleochroic  hypersthene  about  half  altered  to 
a  green  amphibole. 

CORUNDUM    IN    AMPHIBOLITE. 

Associated  with  the  peridotite  rocks  of  Clay  County,  N.  C,  and  of 
the  adjoining  Towns  County,  Ga.,  are  dikes  of  amphibolite,  which 
are  for  the  most  part  between  the  peridotite  and  the  gneiss,  although 
in  some  places  they  cut  the  peridotite  formation  close  to  the  (contact 
of  that  rock  with  the  gneiss.  These  dikes  vary  in  width  from  25  to 
over  300  feet,  their  average  width  being  from  75  to  100  feet.  The 
relation  of  these  amphibolite  dikes  to  the  peridotite  formation  at 
Buck  Creek,  Clay  County,  N.  C,  is  shown  in  fig.  9. 
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The  gTOundmass  of  this  amphibolite  is  a  grass-green  ainphibole, 
containing  IT  per  cent  of  akuiiina,  nearly  12  per  cent  of  lime,  and 
one-half  of  1  per  cent  of  magnesia,  which  is  best  classified  under  the 
edenite  variety  of  aluminous  amphiboles.  The  rich  green  color  of  the 
edenite  is  undoubtedly  due  to  the  presence  of  a  small  amount  of  chro- 
mic oxide,  the  analysis  showing  the  presence  of  0.38  per  cent  of  this 
oxide.  Many  microscopic  grains  of  picotite  or  chromite  are  scattered 
through  the  groundmass  of  edenite.  There  is  also  present,  in  widely 
varying  proportions,  the  plagioclase  feldspar  anorthite.     The  feld- 
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Fig.  9. — Map  of  the  Buck  Creek  peridotite  area,  showing  the  relation  of  the  amphibolitt 

dikes. 


spar  is  not  constant  in  all  of  the  amphibolites,  but  where  it  does 
occur  it  varies  in  size  from  minute  particles  to  masses  as  large  as  a  pea. 

The  rocl^  has  often  a  strikingly  laminated  structure,  and  grades 
from  this  extreme  to  a  structure  showing  no  lamination  at  all.  It  is 
exceedingly  tough  and  very  fine  grained.  The  corundum,  which  i 
occurs  in  the  amphibolite  as  an  accessory  mineral,  varies  in  size  from 
minute  particles  to  masses  several  inches  in  diameter,  in  which  there 
are  usually  developed  parting  planes  parallel  to  the  unit  rhombohe- 
dron.  In  color  it  varies  from  almost  white  to  a  deep  ruby-red,  but 
the  prevailing  color  is  a  deep  pink.  Very  rarely  deep  blue  corundum 
has  been  found  in  these  amphibolites. 

On  account  of  the  exceeding  toughness  of  the  rock,  and  more  par- 
ticularly on  account  of  the  low  percentage  of  corundum,  these  am- 
phibolites are  not  of  commercial  value  as  a  source  of  corundum ;  they 
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do,  however,  make  handsome  mineral  specimens.  In  fig.  10  there  is 
ilhistrated  a  mass  of  corundum  in  amphibolite  from  Buck  Creek. 
Near  Elf,  Clay  County,  N.  C,  a  similar  occurrence  of  corundum  in 
amphibolite  has  been  observed  Avhere  this  rock  cuts  a  ty})ical  dunite. 

At  the  Isbel  mine,  at  the  head  of  Shooting  Creek,  in  Chiy  County, 
N.  C,  corundum  occurs  irregularly,  and  is  sparingly  disseminated 
through  a  decomposed  hornblendic  rock  in  small  grains  and  masses. 
The  least  decayed  portions  of  the  rock  seem  to  possess  the  characters 
of  an  amphibolite,  but  this  could  not  be  determined  with  certainty. 
The  corundum  occurs  through  the  mass  of  this  rock  across  an  outcrop 
about  153  feet  wide.  In  most  of  it  the  rhombohedral  ])arting  is 
distinctly  developed. 

Three  miles  east  of  Marshall  and  half  a  mile  northeast  of  the  mouth 
of  Ivy  River,  in  Madison 


County,  N.  C,  numerous 
crystals  of  corundum 
have  been  found  over  the 
surface  of  a  large  out- 
crop of  coarsely  crystal- 
lized dark-green  amphibo- 
lite. In  places  the  rock 
is  of  finer  texture  and 
contains  some  feldspar 
and  biotite,  passing  into 
a  dioritic  facies.  The 
country  rock  inclosing 
the  amphibolite  is  a  bio- 
tite-gneiss.  Most  of  the 
corundum  is  in  large,  rough,  hexagonal  prisms.  A  crystal  with  three 
smaller  prisms  in  twin  position  on  alternate  hexagonal  edges  Avas 
found  which  weighed  IT  pounds. 

Doubtless  many  of  the  occurrences  of  corundum  with  chlorite- 
schist  (described  herein)  would  be  found,  if  explored  to  some  depth, 
to  belong  with  the  amphibolites,  as  at  the  Track  Rock  mine,  in  Union 
County,  Ga.,  where  extensive  outcrops  of  chlorite-schist  have  been 
found  to  consist  chiefly  of  bright-green  hornblende  in  the  tunnel 
driven  into  the  mountain  side.  Some  portions  of  it  also  carry  small 
quantities  of  olivine,  possibly  passing  into  amphibole-peridotite. 

On  the  eastern  slope  of  the  Blue  Ridge,  in  the  vicinity  of  States- 
ville,  Iredell  County,  N.  C,  corundum  has  been  found  associated 
wdth  an  amphibolite  composed  of  a  dark-green  hornblende.  On 
account  of  the  thickness  of  the  soil  and  the  depth  to  which  these 
rocks  have  been  decomposed,  there  are  few  places  where  the  fi'esh 
rocks  are  exposed,  and  little  is  known  of  their  extent.     At  Hunters, 
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Fig.  10. 


Mass  of  corundum  in  amphibolite  from  Buck 
Creek,  Nortli  Carolina. 
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7  miles  west  of  Statesville,  the  amphibolite  was  exposed  during  explo- 
ration for  corundum,  which,  according  to  Lewis,^  was  found  to 
occur  in  fine  brown  vermiculite,  developed  in  zones  along  the  borders 
of  and  penetra'ting  the  amphibolite,  and  varying  in  thickness  from  a 
few  inches  to  3  or  tt  feet.  Fig.  11  is  an  ideal  illustration  of  the  occur- 
rence of  corundum  in  the  amphibolite  at  Hunters.  In  this  figure,  a 
represents  a  feldspar  zone  that  is  sometimes  encountered  in  the  midst 
of  the  vermiculites,  h;  the  feldspar  is  more  or  less  altered  to  kaolin, 
and  often  bears  corundum,  although  most  of  it  was  found  in  the 
vermiculite  zones,  h  represents  the  vermiculite  zones  carrying  the 
corundum,  which  is  in  crystals  and  in  rounded  masses  of  crystals  clus- 
tered together.     Margarite  sometimes  accompanies  it,  and  large  masses 
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Fig.    11. — Ideal   vertical   cross   section   of   corundum   in   amphibolite   at    Hunters,    Iredell 

County,  N.  C. 

made  up  almost  entirely  of  these  two  minerals  have  been  found  on 
the  surface  in  this  region,  c  represents  radiating  borders  of  actino- 
lite  that  inclose  large  masses  of  what  was  once  amphibolite,  but  what 
is  now  nothing  but  a  mass  of  ocherous  clay,  bearing  occasional  needles 
of  hornl)lende  and  scales  of  vermiculite.  The  outer  portions,  d,  are 
dark-green  amphibolite. 

CORUNDUM     (emery)    TN   AMPHIBOLITE    AT   CHESTER,    MASS. 

The  most  widely  known  occurrence  of  corundum  in  amphibolite  is 
that  of  the  emery  at  Chester,  Mass.,  an  elaborate  description  of  wliich 
is  given  by  Prof.  B.  K.  Emerson  ^'  in  his  exhaustive  work  on  the  geol- 
ogy of  old  Hampshire  County,  Mass. 
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A  band  of  amphibolite  that  is  conformable  throughout  its  entire 
extent  with  the  sericitic  schists  of  this  section  of  the  State  extends 
ahnost  continuously  across  the  State,  north  and  south  of  Chester. 
The  strike  of  this  band  of  aniphibolite  is  dei)endent  upon  the  wind- 
ings of  the  schists,  and  its  dip  is  approximately  1)0".  Its  width  wdll 
average  only  a  few  rods,  but  in  the  Aicinity  of  Chester,  a  few  miles 
both  north  and  south  of  the  town,  it  is  t]iree-(|uarters  of  a  mile  wide, 
and  it  is  in  connection  with  this  broad  band  that  the  emery  is  found. 
The  emery  occurs  on  the  eastern  side  of  the  ami)hibolite,  and  is  sep- 
arated from  the  sericitic  schists  by  a  narrow  band  of  aniphibolite, 
which  varies  in  wddth  from  an  inch  or  two  to  nearly  18  feet.  Some- 
times there  has  been  considerable  serpentinization  of  the  aniphibolite, 
and  the  emery  is  separated  from  the  schists  by  serpentine.  Across 
the  AA'estfield  River  from  the  point  wdiere  the  emery  is  first  encoun- 
tei-ed  the  aniphibolite  is  rei)laced  by  serpentine,  and  it  is  in  this  be([ 
of  serixmtine  that  crystals  of  emery,  pseudomorphous  after  olivine, 
are  said  to  occur,  specimens  of  them  being  in  the  geological  collection 
at  Amherst  College. 

The  aniphibolite  is  in  api:)earance  a  finely  laminated  roclv  made  up 
of  interruj^ted  thin  sheets  of  feldspar  grains  and  of  jet-l)lack  needles 
of  hornblende,  and  usually  contains  more  or  less  green  epidote. 

The  sericitic  schists  on  the  w^est  of  the  aniphibolite,  which  are 
described  by  Professor  Emerson  under  the  head  of  tlie  ''  Rowe 
schist,'' "  are  biotitic  and  feldspathic,  and  often  contain  garnets  that 
are  more  or  less  altered  to  chlorite.  The  schists  on  the  east  are 
described  as  the  "  Savoy  schist,"  ^'  and  are  chloritic  sericite-schists, 
mostly  of  a  light-gray  color,  witli  a  sliade  of  giHH'ii,  due  to  tlie  chlorite 
that  is  mixed  with  the  muscovite.  AYhen  the  chlorite  can  not  be 
seen  with  the  eye,  it  is  readily  detected  under  the  microscope.  In 
some  places  the  proportion  of  chlorite  has  increased  until  there  are 
considerable  aggregations  of  this  mineral  along  the  planes  of  lamina- 
tion. Garnet  and  pyrite  are  also  abundant  in  certain  portions  of  the 
schist. 

The  emery  vein  can  l)e  foUow^ed  for  a  distance  of  nearly  H  miles, 
starting  from  a  point  at  the  north  end  of  the  broad  band  of  am[)hib- 
olite,  on  the  left  bank  of  the  ^Vestfield  River,  just  above  the  railroad 
bridge  of  the  Boston  and  Albany  Railroad.  The  general  strike  of 
the  vein  is  a  little  east  of  sonth  and  runs  for  the  most  part  parallel 
to  the  line  of  contact  of  the  aniphibolite  and  schist.  Kmery  is  not 
found  throughout  the  vein,  but  the  vein  cnn  be  traced  almost  con- 
tinuonsly  by  means  of  streaks  of  chlorite.     The  vein  varies  in  width 
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from  a  feAV  feet  to  10  or  12  feet,  the  average  width  of  the  emery 
being  about  6  feet.  Upon  both 'sides  of  the  emery  there  are  usually 
developed  thin  seams  of  chlorite,  varying  from  1  inch  to  6  inches  or 
more  in  width.  During  the  early  history  of  the  mine  a  seam  of 
feldspar  was  encountered,  about  V2  inches  w^ide,  lying  to  the  east  of 
the  emery  and  bordered  on  both  sides  by  chlorite  3  or  4  inches  Avide. 
There  is  also  more  or  less  chlorite  developed  in  the  mass  of  the  ore 
body,  which  varies  from  an  almost  pure  magnetite  to  an  intimate 
admixture  of  magnetite  and  corundum.  At  the  Sackett  mine  (de- 
scribed on  p.  135)  the  corundum,  of  a  bronze  color  and  luster,  is 
coarsely  crystallized,  giving  the  ore  a  porphyritic  appearance.  Some- 
times the  corundum  has  crystallized  out  in  blue  and  white  crystals 
and  in  masses  of  a  pound  or  two  in  weight. 

Dr.  F.  Von  Camerlander ''  describes  the  occurrence  of  corundum 
in  the  amphibolites  of  the  n.orthwestern  i)art  of  Austrian  Silesia.  It 
is  found  in  Avhite  or  l)luis]i  grams  and  masses  up  to  the  size  of  a 
hazelnut.  CV)rundum  with  hercynite  also  occurs  in  the  amphibolites 
at  Konsberg,  at  the  eastern  foot  of  the  Bohmerwald,  in  Bohemia. 

CORUNDUM    IN    ANORTHOSITE. 

The  amphibolite,  with  its  prevailing  light-green  amphibole  and 
small  amount  of  feldspar,  that  so  frequently  accompanies  and  inter- 
sects the  peridotites  of  Clay  County,  N.  C,  and  of  Towns  County, 
Ga.,  becomes  in  places  highly  feldspathic,  and  by  the  dwindling  and 
disappearance  of  the  amphibole  it  passes  into  the  anorthosite  facies 
at  several  localities. 

Anorthosites  of  this  character,  with  more  or  less  corundum  in 
grains  and  irregular  masses  distributed  through  the  rock,  are  found 
on  the  western  slopes  of  Chunky  Gal  Mountain,  Clay  County,  N.  C, 
and  in  association  with  some  of  the  amphibolites  of  the  Buck  Creek 
area  in  the  same  county.  These  rocks  are  always  greatly  subordinate 
in  quantity  to  the  associated  amphibolites  and  peridotites,  and  never 
constitute  more  than  an  insignificant  part  of  the  outcrops. 

An  occurrence  that  may  be  contrasted  in  some  respects  with  the 
anorthosites  of  North  Carolina  and  Georgia  is  found  in  South  Sher- 
l)ro()ke,  Lanark  County,  Ontario,  Canada,  vv^here  the  rock  is  composed 
hu'gely  of  basic  plagioclase  and  a  little  green  hornblende,  but  is 
somewhat  more  basic  than  the  typical  Canadian  anorthosite.  The 
corundum  occurs  sparingly  in  the  rock  in  crystals  of  almost  uniform 
size,  about  half  an  inch  in  length.  Their  color  varies  from  light  gray 
to  almost  white,  and  sometimes  to  light  pink. 


Verhandl.  K.-k.  geol.   Reichsanstalt,   Wien,  188G,  p.  356. 
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Similar  to  this  Canadian  occurivnce  is  the  corundnm-anorthite 
rock,  described  by  Doctor  Morozewicz,"  from  a  locality  on  the  Bar- 
sowka-lviver,  in  the  ITrals,  Kussia.  The  percentage  of  corundmn  in 
these  rocks  of  the  Urals  seems  to  oive  promise  of  economic  importance. 

CORUNDUM     IN     NCKITE. 

In  the  vicinity  of  Peekskill,  Westchester  County,  N.  Y.,  cornndum 
has  been  found  associated  with  norites,  which  have  been  described 
by  Mr.  C.  H.  Williams.^  These  rocks  belong  to  the  Cortlandt  series, 
of  which  the  prevailing  rock  type  is  characterized  l)y  the  i)resence  of 
the  mineral  hypersthene.  But  though  this  mineral  is  there  so  abun- 
dant, a  normal  norite,  containing  nothing  but  plagioclase  feldspar 
and  hypersthene,  is  extremely  rare.  Tliere  is  more  or  less  "biotite, 
hornblende,  or  augite  developed  in  nearly  all  rocks  of  this  class,  so 
that  there  is  a  gradual  transition  from  normal  norite  to  mica-diorite, 
hornblende-diorite,  and  gabbro.  The  intermediate  varieties  are  much 
more  common  than  the  extremes,  and  they  have  been  classified  by 
Williams  according  to  the  prevailing  nonfeldspathic  mineral.  Where 
hypersthene  prevails  the  rocks  are  grouped  as  norites,  being  sub- 
divided into  normal  norite,  hornblende-norite,  mica-norite,  and  augite- 
norite,  according  to  the  presence  of  these  different  minerals  in  the 
rock.  These  so  grade  into  each  other  that  no  sharp  line  can  be 
drawn  between  them. 

Associated  with  the  norites,  3  and  4  miles  southeast  of  Peekskill, 
N.  Y.,  are  deposits  of  magnetite  and  emery.  These  deposits  are  not 
in  a  continuous  vein,  but  are  more  like  segregated  masses.  Attempts 
have  been  made  to  work  these  for  l)oth  iron  and  emery,  but  as  iron-ore 
deposits  they  were  soon  abandoned.  They  are  still  worked  to  a  con- 
siderable extent  for  emery  by  the  Blue  Corundum  Mining  Company, 
of  Boston,  Mass.;  the  Tanite  Company,  of  Stroudsburg,  Pa.,  and 
H.  M.  Quinn,  of  Philadelphia,  Pa.  An  examination  of  the  emery  ore 
by  Messrs.  J.  D.  Dana  ^  and  G.  H.  Williams  '^  has  shown  that  the 
corundum  component  is  often  scattered  rather  sparingly  through  the 
ore,  and  what  had  formerly  been  supposed  to  be  green  chlorite  Avas 
found  to  be  the  iron-magnesian  spinel,  pleonaste.  The  corundum  in 
the  emery  varies  from  small  colorless  g-rains  and  larger  bluish  grains 
to  crystals  7  mm.  in  diameter,  which  show  a  hexagonal  outline. 

The  i)leonaste,  which  is  so  commonly  associated  with  the  emery, 
has  been  found  at  the  Cruger  iron  mine,  in  the  eastern  part  of  the 
township,  as  veins  in  a  nearly  normal  norite,  into  which  it  passes  by 
gradual  transitions.     The  most  compact  specimens  of  the  ore  at  this 

"  Tschermaks  mineral,  und  petr.  Mitthei!.,  vol.  18,  heft  1. 
"Am.  .Tour.  Sci.,  .3(1  ser.,  vol.  8:?,  1887,  pp.  135,  109. 
.  '■  Idem,  .3d  ser..  vol.  20,  1880,  p.  1!)!). 
"Idem,  3d  ser.,  vol.  3.3,  1887,  p.  104. 
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mine  are  found  to  contain  the  various  mineral  components  of  the 
norite,  i.  e.,  hypersthene,  feldspar,  biotite,  and  garnet,  no  corundum 
having  been  observed  here. 

This  gradual  transition  of  the  pleonaste  and  iron  ore  into  the  nor- 
mal norite  and  the  occurrence  of  the  norite  minerals  in  the  compact 
ore  are  strong  evidence  that  these  ore  bodies  were  formed  by  the  dif- 
ferentiation of  the  molten  norite  magma. 

In  the  vicinity  of  these  norites  there  are  small  masses  of  peridotite, 
but  no  corundum  has  been  found  associated  with  them. 

Fragments  of  mica-schist  included  in  the  eruptive  are  altered  into 
a  great  variety  of  metamorphic  minerals  arranged  in  more  or  less  dis- 
tinct zones.  Beginning  at  the  exterior,  these  zones  consist  of  corun- 
dum and  pleonaste  follow^ed  by  quartz  with  magnetite,  pleonaste, 
zircon,  apatite,  sphene,  garnet,  tourmaline,  and  many  others. 

Very  similar  to  the  spinel  emery  of  the  Cortlandt  norites  are  the 
occurrences  of  granular  corundum  and  spinel  in  the  basic  aggregates 
of  gabbros  at  Frankenstein  and  Veltlin,  Germany,  referred  to  on 
page  63. 

CORUNDUM    IN    PLUMASITE. 

An  interesting  discovery  of  corundum  was  made  in  Plumas  County, 
Cal.,  about  1|  miles  northwest  of  the  Meadow  Valley  post-office,  by 
Mr.  J.  A.  Edman,  of  Meadow  Valley,  and  to  him  belongs  the  credit 
of  the  discovery  of  this  new  locality  and  new  occurrence  of  corundum. 
The  corundum -bearing  rock  was  observed  on  the  eastern  and  lower 
flank  of  Spanish  Peak  at  an  elevation  of  about  4,100  feet,  and  about 
2  miles  due  east  of  the  summit  and  near  the  southwest  margin  of  a 
broad  belt  of  peridotite.  The  first  specimens  of  the  corundum  were 
found  by  Mr.  Edman  as  float  in  an  adjoining  gulch,  and  he  traced  it 
to  its  source.  The  corundum  rock  is  composed  of  about  84  per  cent 
of  oligoclase  and  16  per  cent  of  corundum.  The  latter  is  in  crystals 
varying  in  size  from  a  fraction  of  an  inch  to  2  inches  in  length  and  1 
inch  in  diameter.  The  general  form  of  the  crystals  is  pyramidal,  due 
to  acute  rhombohedrons.  There  are  but  few  of  the  crystals,  however, 
tJiat  are  well  defined,  and  in  most  cases  they  are  imperfectly  formed, 
and  the  faces  are  rough  and  corroded.  There  has  been  some  altera- 
tion in  the  corundum  crystals,  which  is  apparent  when  these  are 
broken,  and  on  the  fractured  surface  are  observed  small  scales  of 
a  pearly  mica,  the  laminae  of  w^hich  are  brittle.  This  has  been  deter- 
mined by  Prof.  A.  C.  Lawson  to  be  margarite. 

Professor  Lawson « lias  made  an  examination  of  this  occurrence  of 
corundum,  and  states  that  there  occurs  through  the  feldspathic  part 
of  the  rock  a  secondary  mineral  similar  in  appearance  to  corundum 

"  Bull.  Dept.  Geol.  Univ.  Califoruia,  vol.  3,  No.  8,  pp.  219-229. 
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and  in  the  form  of  small  veinlets  or  patches.  In  this  case,  however, 
the  luster  is  more  waxy  and  the  color  somewhat  greenish.  The 
mineral  is  foliated,  and  the  scales,  when  examined  under  the  micro- 
scope, show  it  to  be  uniaxial  and  positive  and  to  have  a  feeble  double 
refraction.  Its  specific  gravity  was  found  to  be  2.74.  All  hough 
these  data  are  not  sufficient  to  identify  this  mineral,  they  resemble 
closely  the  characteristics  of  some  one  of  the  chlorites,  and,  from  the 
analogy  of  the  common  occurrence  of  the  chlorites  with  the  corundum 
in  the  basic  magnesian  rocks  throughout  the  Appalachian  region 
where  these  rocks  are  abundant,  these  data  seem  to  indicate  that  this 
mineral  is  one  of  the  chlorites. 

In  describing  the  occurrence  of  the  corundum.  Professor  Lawson  « 
states  that  the  peridotite  rock  nuiy  be  found  both  in  a  fairly  fresh 
condition  and  also  largely  serpen tinized. 

The  fresh  rock  has  a  well-marked  but  nide  sehistosity.  On  fractures  trans- 
verse to  this  sehistosity  it  is  of  a  dull,  greenish-gray  color  and  compact  texture, 
relieved  by  long,  narrow  blades  of  a  light-colored,  cleavable  mineral  and  show- 
ing irregular  partings  in  the  plane  of  sehistosity.  On  the  cleavage  surfaces 
the  rock  presents  a  silver-gray,  spangled  appearance  as  a  groundmass,  with 
numerous  cleavage  blades  of  the  same  light-colored  material.  These  blades 
lie  with  their  axes  of  elongation  rudely  parallel  to  the  sehistosity. 

When  examined  in  thin  section,  the  rock  is  seen  to  be  made  up  of 
but  two  primary  minerals.  The  more  abundant  of  these  agrees  with 
olivine  in  its  optical  properties  and  forms  a  mosaic  of  rather  angular 
or  occasionally  subrounded  anhedrons.  These  are  traversed  by  irreg- 
ular sharp  cracks,  along  whicli  incipient  serpentines  may  be  observed; 
this  process  has  occasionally  proceeded  so  far  as  to  give  rise  to  distinct 
patches  of  serpentine.  The  other  mineral  observed  lies  in  the  mosaic 
of  olivine  in  the  form  of  colorless,  elongated  prisms,  and  has  the 
optical  characters  of  tremolite.  This  mineral  makes  up  about  20 
per, cent  of  the  rock.  The  chemical  analysis  of  the  rock  ^  leaves  no 
doubt  of  its  peridotitic  character  and  can  probably  be  best  referred 
to  an  amphibole-peridotite  similar  to  those  occurring  in  North  Caro- 
lina and  Georgia.  Some  portions  of  this  rock  have  been  altered  to 
such  an  extent  that  serpentine  is  the  predominating  mineral. 

According  to  Professor  Lawson's  observations — ' 

The  dike  of  corundiferous  rock  which  cuts  this  amphibole-peridotite  is  of 
quite  limited  extent.  The  strike  of  the  dike  is  about  NNW.,  or  transverse  to 
the  axis  of  the  ridge  upon  which  it  is  found.  There  are  but  three  exposures, 
and  these  do  not  extend  for  more  than  125  feet  along  the  strike.  The  width 
of  the  dike  is  about  15  feet,  but  its  dip  is  difficult  to  determine,  owing  to  the 
imperfections  of  the  exposures.  The  slope  is  mantled  with  soil  and  with  frag- 
ments  arising   from    the   disintegration   of   the   amphibole-peridotite,    and   the 

"Bull.  Dept.  Geol.  Univ.  CaUforuia,  vol.  3,  No.  8,  pp.  222,  223. 
Mbid.,  p.  224. 
«  Ibid.,  p.  225. 
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exposures  of  the  dike  project  through  this  covering  of  loose  material.  The 
rock  of  the  dike  is  composed  chiefly  of  feldspar  and  is  white  in  color,  being 
thus  in  marked  contrast  to  the  darker  rock  mass  which  it  cuts. 

Professor  Lawson  regards  the  corundiferous  rock  as  a  separate 
dike  cutting  the  peridotite  and  as  a  new  type  of  rock,  for  which  he 
proposes  the  name  plimiasite^  from  Phnnas  County,  in  which  it 
occurs.  Without  having  made  any  personal  examination  of  this 
occurrence,  but  judging  from  hand  specimens  of  the  feldspathic 
portions  of  the  rock  containing  the  corundum,  from  specimens  of 
the  serpentine  and  of  the  peridotite  rock,  which  were  kindly  sent  to 
me  by  Mr.  Edman,  and  from  the  descriptions  of  Professor  Lawson, 
I  find  this  oligoclase-corundum  rock  similar  to  the  zone  of  corundum 
and  oligoclase  feldspar  which  is  believed  to  have  separated  from  the 
peridotite  magma  at  Buck  Creek,  Clay  County,  N.  C. 

CORUNDUM    IN    ANDESITE. 

The  occurrence  of  corundum  in  andesite  in  the  United  States  was 
first  described  by  Mr.  G.  F.  Kunz,  in  the  case  of  a  dike  of  andesite  at 
Ruby  Bar,  near  Eldorado  Bar,  on  the  Missouri  River,  12  miles  north- 
east of  Helena,  Mont.*  As  described  by  him,  this  rock  is  in  a  dike 
cutting  the  slates  of  the  country  and  is  a  vesicular  mica-augite-andes- 
ite,  which  is  made  up  of  a  groundmass  of  feldspar  microlite  and  a 
brownish  glass  in  which  are  many  particles  of  biotite  and  crystals 
of  augite. 

A  similar  occurrence  has  been  observed  by  myself  on  the  river  6 
miles  above  Eldorado  Bar,  at  French  Bar,  which  is  nearly  12  miles 
due  east  of  Helena.  At  this  locality  a  narrow  dike,  3  to  G  feet  wide, 
was  found  cutting  through  the  slates  of  this  section.  The  trend  of 
the  dike  is  N'.  5°  to  10°  E.,  and  it  dips  about  45°  E.  It  was  encoun- 
tered by  miners  who  were  working  the  gravels  of  the  bar  for  sapphires, 
and  it  has  been  exposed  at  but  one  .point,  so  that  its  extent  is  not 
known. 

The  rock  is  fine  grained,  of  a  rather  light-gray  color,  and  a  decided 
basic  appearance.  Biotite  is  the  most  conspicuous  mineral,  and 
occurs  in  small,  flat,  tabular  plates,  sometimes  with  distinct  crystal 
outline,  and  up  to  a  millimeter  or  tw^o  in  diameter.  In  some  speci- 
mens of  the  rock  there  are  nodules,  5  to  10  mm.  in  diameter,  that  ap- 
pear to  be  partially  decomposed  feldspar.  The  augite,  which  is  prom- 
inent in  the  thin  section,  is  not  very  apparent  in  the  hand  specimen. 

Prof.  L.  V.  Pirsson,  of  Yale  University,  has  kindly  examined  thin 
sections  of  this  rock  for  me,  and  says  that  the  rock  is  an  altered 
augite-mica- andesite.     It  contains  unaltered  phenocrysts  of  a  clear 

«  Am.  Jour.  Sci.,  vol.  4,  1897,  p.  418  ;  Mineral.  Mag.,  vol.  0,  1891,  p.  396  ;  Seventeenth, 
Eighteenth,  Nineteenth,  Twentieth  Ann.  Repts.  U.  S,  Geol.  Survey. 
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bro\Yn  biotite,  which  are  well  crystallized  and  which  sometimes  show 
slight  resorption.  It  also  contains  phenocrysts  of  augite  of  a  pale- 
brown  color,  variable  in  size,  the  largest  2  mm.  across,  replaced  in  the 
majority  of  cases  by  pseudomorphs  of  calcite.  Besides  this  pseudo- 
morphons  calcite  there  is  also  a  considerable  amount  of  this  mineral 
in  irregular  masses  or  streaks,  which  may  in  part  be  the  filling  of 
steam  pores  and  in  part  be  pseudomorphous  after  hornblende;  this, 
however,  could  not  be  definitely  determined.  The  minerals  just  men- 
tioned are  embedded  in  a  groundmass  of  a  brown  glass  which  is 
everywdiere  speckled  and  dotted  with  microlites  of  a  lath-shaped 
plagioclase  feldspar.  These  are  small  and  somewhat  altered,  so  that 
their  determination  is  not  entirely  satisfactory,  but  they  appear  to 
be  oligoclase. 

The  rock  is  thus  porphyritic,  and  the  structure  of  the  groundmass 
is  typical  of  the  hyalopilitic  structure  of  Kosenbusch.  In  many 
respects  it  closely  resembles  the  augite-porphyrite  of  Weiselberg, 
weiselbergite.'^ 

One  feature  that  is  brought  out  in  the  thin  sections  is  the  somewhat 
laminated  character  of  the  rock  in  one  direction,  while  in  the  slide 
cut  at  right  angles  a  well-characterized  flow  structure  is  observed,  all 
the  longer  axes  of  the  minerals  pointing  in  the  same  direction.  This 
indicates  movements  of  flowing  lava  after  the  components  had  formed. 

The  corundum  crystals  occur  very  sparingly  in  the  rock,  and  those 
that  were  observed  were  not  so  sharp  and  distinct  as  the  blue  sap- 
phires found  in  the  gravels. 

No  definite  information  regarding  the  location  of  Ruby  Bar  could 
be  obtained,  and  no  one  of  the  bars  is  now  called  by  that  name.  It  is 
possible  that  the  bar  described  by  Mr.  Kunz  is  the  same  as  the  one 
now  known  as  French  Bar,  though  from  the  description  given  of 
Ruby  Bar,  it  is  apparently  not  so  far  up  the  river  as  French  Bar. 

Corundum  in  andesite  has  also  been  descril^ed  from  several  Euro- 
pean localities.  Osann  ^'  found  corundum  associated  with  spinel,  bio- 
tite, sillimanite,  andalusite,  rutile,  zircon,  etc.,  in  a  mica-pyroxene- 
andesite  in  the  vicinity  of  Cape  de  Gata,  in  southeastern  Spain.  The 
corundum  forms  flat,  basal  plates  Avith  striations  parallel  to  the 
rhombohedron.  The  rock  also  contains  numerous  dark  micaceous 
inclusions. 

Dr.  A.  Lacroix^  describes  the  occurrence  of  corundum  in  the 
trachytes,  andesites,  and  basalts  of  the  volcanic  district  of  the 
Auvergne  Mountains  in  the  central  plateau  of  France.  The  corun- 
dum is  associated  with  zircon,  diaspore,  sillimanite,  etc.  The  rocks 
also  contain  numerous  acid  inclusions  that  have  been  more  or  less 

«  Kosenbusch,  Massige  Gesteine,  Sd  ed.,  1896,  p.  953. 

"  Zeitschr.  Dcutschen  geol.  Gesell.,  Berlin,  vol.  41,  1889,  p.  297  ;    vol.  4:},  1891,  p.  688, 

<^  Bull.  Soc.  mineral.  France,  vol.  I'A,  1890,  pp.  100-106,  etc. 
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completely  destroyed  by  fusion  or  solution  in  the  inclosing  magma. 
When  not  completely  destroyed,  the  inclusions  also  frequently  con- 
tain corundum  associated  with  numerous  metamorphic  minerals. 

The  trachytes,  andesites,  and  basalts  of  the  Siebengebirge,  in 
Germany,  as  described  by  Dannenberg,"  also  contain  corundum, 
spinel,  magnetite,  sillimanite,  and  numerous  inclusions  of  sandstone, 
schist,  and  granulite. 

A  hornblende-andesite  of  the  Eifel,  Germany,  as  descril^ed  by  Dr. 
J'.  Vogelsang,^  contains  numerous  granular  aggregates  of  cordierite, 
andalusite,  sillimanite,  feldspar,  biotite,  corundum,  spinel,  rutile, 
quartz,  zircon,  and  magnetite,  without  recognizable  inclusions  of 
older  rocks. 

CORUNDUM    IN    MONCHIQUITE. 

Near  the  entrance  of  Yogo  Gulch,  in  Fergus  County,  Mont.,  two 
parallel  dikes  of  igneous  rock  have  been  observed  cutting  through 
the  limestones.  These  dikes  are  about  800  feet  apart,  and  can  be 
follow^ed  for  over  a  mile  in  a  nearly  east- west  course.  Their  general 
width  is  from  6  to  20  feet,  but  they  are  occasionally  75  feet  wide. 
They  are  much  decomposed  near  the  surface,  but  in  working  them 
for  the  sapphires  which  they  contain  the  nearly  unaltered  rock  has 
been  encountered. 

The  rock  has  a  dark-gray,  decidedly  basic  appearance,  and  is  very 
tough,  breaking  with  an  uneven  fracture.  Scattered  through  it  are 
light-green  and  white  fragments,  which  are  by  far  the  most  conspic- 
uous of  any  of  the  mineral  components  of  the  rock.  These  are  a 
pyroxene  that  is  more  or  less  decomposed  into  calcite.  Some  of  these 
white  fragments  are  probably  the  barium  carbonate  witherite,  for  in 
the  concentrates  obtained  from  washing  the  decomposed  portions  of 
the  dike  a  considerable  quantity  of  this  mineral  was  found.  Num- 
berless crystals  of  pyrite,  not  over  a  millimeter  in  diameter  and  almost 
perfect  trapezohedrons,  were  also  found  in  these  concentrates.  A  few 
scattered  tablets  of  biotite,  from  2  to  3  mm.  in  diameter,  were 
observed.  The  sapphire  variety  of  corundum  is  found  rather  spar- 
ingly in  this  rock  in  well-formed,  flat,  tabular  crystals,  some  of  which 
are  half  an  inch  in  diameter. 

Professor  Pirsson,  of  the  Sheffield  Scientific  School,  has  made  a 
petrographical  examination  of  this  rock,  and  describes  it  as  follows :  ^ 

In  thin  section  the  rock  at  once  shows  its  character  as  a  darlv,  basic  hunpro- 
phyre,  consisting  mainly  of  biotite  and  pyroxene.  There  is  a  little  iron  ore 
present,  but  its  amount  is  small  and  much  less  than  is  usually  seen  in  rocks  of 
this  class.     The  biotite  is  strongly  pleochroic,  varying  between  an  almost  color- 

"  Tschermaks  mineral,  und  petr.  Mittheil.,  vol.  14,  1894,  p.  17. 

"  Zeitschr.  Deutschen  geol.  Gesell.,  vol.  42,  1890,  p.  1  ;  Am.  Naturalist,  1892,  pp.  165-100 
(Abst). 
''Am.  Jour.  Sci.,  4th  ser.,  vol.  4,  1897,  p.  421. 
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less  and  a  strong,  clear,  brown  tint.  It  occni-s  in  raised  masses,  i-arely  showin*? 
crystal  outline,  and  it  contains  a  large  anionnt  of  small  apatite  crystals.  The 
pyroxene  is  of  a  pale-green  tint,  with  the  habit  of  diopside,  and  is  tilled  with 
many  inclusions,  now^  altered,  but  probably  originally  of  glass;  in  some  crystals 
these  inclusions  are  so  abundant  as  to  rendei'  the  mineral  cpiite  spongy.  The 
grains  sometimes  show  crystal  form,  but  are  mostly  anhedral  and  vary  in  size, 
though  the  evidence  is  not  sufficient  to  show  two  distinct  generations. 

These  two  minerals  lie  closely  crowded  together,  and  no  feldspars  are  seen  in 
the  rock.  The  interstices  between  them  consist  of  a  small  amount  of  a  clouded, 
brownish,  kaolin-like  aggregate,  which  appears  to  represent  some  former  feld- 
spathoid  component,  possibly  leucite,  perhaps  analcite.  *  *  *  Some  calcite 
in  agglomerated  granules  is  also  seen  in  the  section. 

This  calcite  does  not  appear  to  be  of  secondary  origin,  and  is  prol^a- 
bly  due  to  fragments  of  limestone  that  Avere  picked  np  as  the  igneous 
mass  forced  its  way  up  through  the  limestones  and  were  converted 
into  calcite. 

In  regard  to  the  classification  of  this  rock,  Professor  Pirsson"  says: 

The  rock  appears  to  have  its  closest  .affinities  in  the  monchiquite  group,  of 
which  it  may  be  considered  a  basic,  somewhat  altered  type.  The  abundance  of 
biotite  shows  its  relation  to  the  minettes,  but  the  rock  is  nnich  richer  in  the 
lerromagnesian  components  and  lacks  the  feldspar  of  the  minettes.  It  has 
evidently  a  close  affinity  with  the  minettes  and  shonkinite  of  the  region,  and  is 
clearly  a  more  basic  form  of  the  same  magma.  It  has  the  same  richness  in 
biotite  and  pyroxene  as  these,  but  differs  in  the  feldspathic  component. 

If  Rosenbusch's  classification  is  followed,  this  rock  v>^oidd  seem  to 
be  a  basic  member  of  the  monchiquite-camptonite  series  of  lampro- 
phyres,  one  end  of  which  is  characterized  by  an  abundance  of  biotite 
and  augite  or  hornblende.  The  rock  is  too  rich  in  ferromagnesian 
and  too  poor  in  feldspathic  constituents  to  be  called  a  minette  or 
kersantite,  and  the  total  absence  of  the  feldspar  and  the  small  quan- 
tity of  feldspathoid  make  it  a  very  basic  member  of  the  general 
monchiquite  group  of  Rosenbusch. 

The  sapphire  corimdum  occurs  rather  sparingly  in  this  rock  in 
well-formed,  tabular  crystals  of  a  blue  color.  They  vary  in  size  from 
very  minute  to  half  an  inch  in  diameter  and  are  of  gem  quality. 
The  mineral  does  not  occur  in  sufficient  quantity  to  constitute  a  source 
of  corundum  for  abrasive  purposes,  but  it  is  of  importance  as  a  source 
of  the  sapphire  gems. 

A  kersantite  described  by  Doctor  Lossen,  which  cuts  sedimoitary 
rocks  of  Lower  Devonian  age  at  Michaelstein,  in  the  Harz  Mountains, 
(xermany,  and  contains  numerous  inclusions,  has  also  been  found  to 
carry  corundum.  This  seems  to  be  a  closely  parallel  case  to  the  one 
described  above,  except  that  the  corundum  occurs  in  such  minute 
quantities  as  to  be  of  only  scientific  interest. 

"  Am.  Jour.  Sci.,  4th  ser.,  vol.  4,  1897,  pp.  421-423  ;  and  Twentieth  Ann.  Kept.  U.  S. 
Geol.  Survey,  part  H,  1900,  pp.  552-558, 
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CORUNDUM    IN    GRANITE, 

At  Nannies  Mountain,  12  miles  northeast  of  Yorkville,  S.  C, 
corunchnn  occurs  in  considerable  quantities  in  a  light-gray  biotite- 
granite.  It  forms  irregular  masses  of  a  black  color,  varying  from 
small  grains  to  several  inches  in  thickness,  and  usually  has  a  well- 
developed  parallel  parting.  It  is  invariably  embedded  in  muscovite, 
which  varies  from  fine  scaly  aggregates  to  compact  massive  damourite. 
At  the  Rickard  mine,  at  the  north  end  of  the  mountain,  a  shaft  35 
feet  deep  has  been  sunk,  and  several  drifts  have  been  made  from  it ; 
but,  as  operations  have  been  suspended,  these  workings  can  not  be 
examined.  Hence  the  exact  relations  of  the  corundum  masses  to  the 
granite  can  not  be  made  out.  Only  granite,  however,  in  various 
stages  of  disintegration,  and  masses  of  corundum  and  muscovite  were 
taken  from  these  workings. 

Dr.  A.  Lacroix^  found  corundum  in  masses  of  granite  included  in 
the  volcanic  rocks  of  Auvergne,  France;  and  its  occurrence  as  an 
occasional  accessory  in  normal  granites  is  mentioned  in  the  petro- 
graphical  works  of  both  Zirkel  and  Rosenbusch. 

CORUNDUM    IN    SYENITE. 

Deposits  of  corundum  have  recently  been  located  in  the  south-cen- 
tral part  of  Gallatin  County,  Mont.,  on  the  headwaters  of  Elk  Creek, 
in  a  group  of  foothills  between  the  Gallatin  Valley  and  Spanish  Creek 
basin.  The  locality  is  about  23  miles  south  of  Belgrade,  Gallatin 
County,  which  is  on  the  Northern  Pacific  Railroad.  The  corundum 
has  been  found  in  a  rock  that  is  composed  essentially  of  orthoclase, 
feldspar,  corundum,  and  biotite,  with  the  feldspar  predominating. 
The  rock  for  the  most  part  has  a  somewhat  gneissoid  structure,  and 
in  these  portions  the  corundum  is  more  or  less  finely  divided,  being 
in  fine  grains  and  small  crystals.  In  other  portions,  where  the  corun- 
dum is  coarsely  crystallized,  the  rock  has  something  of  a  pegmatitic 
character,  and  the  corundum  is  surrounded  by  the  orthoclase.  This 
rock  is  called  a  corundum-bearing  biotite  syenite,  yet  from  the  num- 
ber of  occurrences  that  are  recorded  of  this  mineral  acting  as  a  com- 
ponent of  these  rocks,  as  in  the  case  of  those  in  Canada  and  in  the 
Urals,  it  would  seem  desirable  to  recognize  rocks  of  this  type  as 
corundum-syenites. 

The  crystals  of  corundum  vary  from  a  fraction  of  an  inch  up  to  8 
inches  in  length,  and  some  have  been  found  that  weighed  1|  to  2 
pounds  each.  They  are  fairly  well  developed  in  the  prismatic  zone, 
but  many  of  them,  especially  the  larger  ones,  are  rounded.  In  color 
they  vary  from  bluish  gray  to  almost  colorless. 


^BuJl.  Services  Carte  geol.  France,  No.  11,  vol.  2,  1891. 
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SomcAvhat  similar  to  this  is  the  occurrence  of  coriinchiiii  in  dikes  of 
syenite  which  penetrate  the  gneisses  over  extensive  areas  of  Hali- 
burton,  Peterboro,  Hastings,  and  Ilenfrew  counties,  Ontario,  Can- 
ada. The  corundum  occurs  in  white  or  gray  to  bronzy  crystals  in 
the  rock,  varying  from  half  an  inch  to  2  or  3  inches  in  diameter  and 
from  1  to  4  or  5  inches  in  length.  It  is  very  variable  in  quantity, 
ranging  from  less  than  10  per  cent  to  80  or  40  i)ei-  cent  of  the  rock 
mass.  An  average  of  12  to  15  per  cent  has  been  reported  from  some 
localities.  Besides  corundum,  the  syenites  carry  small  amounts  of 
magnetite,  pyrite,  garnet,  zircon,  and  sodalite. 

My  attention  was  first  called  to  this  occurrence  of  corimdum  by 
Prof.  F.  W.  Traphagen,  to  whom  I  am  indebted  for  the  first  specimens 
of  this  corundum  sent  to  me. 

CORUNDUM    IN    PECxMATITE. 

Occurrences  of  corundum  in  pegmatite  are  extremely  rare,  but  it 
has  been  found  in  this  rock  in  Iavo  localities  in  Haywood  County, 
N.  C.  One  is  at  Retreat,  on  Pigeon  River,  0  miles  southeast  of 
Waynesville,  where  corundum  occurs  in  small  pegmatite  dikes,  cut- 
ting the  sa prolific,  garnetiferous  gneisses  or  schists.  Accompany- 
ing these  dikes  are  thin  seams  of  vermiculites  that  also  carry  corun- 
dum. The  other  locality  is  8  miles  northeast  of  Canton,  at  the  Pres- 
ley mine,  Avhere  corundum  occurs  in  a  pegmatite  dike  which  intersects 
a  mass  of  dark-green  amphibolite.  The  corundum  is  found  sur- 
rounded by  both  feldspar  and  mica. 

An  interesting  occurrence  of  corundum  that  has  recently  come  to 
the  writer's  notice  is  in  Fremont  County,  Colo.,  about  7  miles  from 
Canyon,  which  is  also  the  nearest  railroad  station.  The  corundum 
occurs  In  a  matrix  composed  of  quartz,  plagioclase  feldspar,  and 
mica  (muscovite  and  biotite).  The  maximum  width  of  this  rock 
that  has  been  observed  is  3  feet,  and  it  has  been  traced  for  a  distance 
of  3,000  feet.  The  corundum  is  thickl}^  scattered  through  the  rock, 
and  is  in  small  particles  and  fragments  up  to  half  an  inch  or  more 
in  diameter.  It  does  not  occur  in  good  crystals,  but  some  rough 
hexagonal  prisms  half  an  inch  in  diameter  were  observed.  Its  color 
varies  from  nearly  colorless  through  a  pale  bluish  to  a  rather  deep 
blue  and  to  a  pale  greenish.  There  is  but  little  development  of  part- 
ing planes  in  the  corundum,  and  it  shows  on  nearly  all  its  exposed 
surfaces  a  rough  conchoidal  fracture.  In  the  specimens  that  have 
been  examined  the  quartz  forms  a  considerable  percentage  of  the 
rock,  while  the  corundum  sometimes  appears  nearly  as  prominent. 
The  feldspars  and  micas  are  developed  to  a  less  extent.  The  corun- 
dum is  transparent  to  semitransparent,  and  some  is  of  gem  quality. 

Bull.  269— 06  M 4 
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Near  the  head  of  Muskrat  Fork  of  Shooting  Creelc,  Chi}^  County, 
N.  C,  and  extending  about  halfway  up  the  adjoining  slope  of 
Chunky  Gal  Mountain,  there  are  two  parallel  dikes  of  dark,  fine- 
grained hypersthenite,  which  are  from  550  to  600  feet  apart,  and 
each  about  10  feet  thick.  The  dike  rock  consists  of  rounded,  irregu- 
lar grains  of  strongly  pleochroic  hypersthene,  nearly  half  of  which 
has  been  altered  to  a  green  amphibole.  Corundum  occurs  in  the 
gneiss  between  these  dikes,  and  also  in  a  band  of  black  biotite,  which 
is  intimately  associated  with  a  small  vein  of  pegmatite  2  feet  in 
thickness.  The  biotite  is  developed  in  large  scales  and  plates  and 
contains  nodules  of  corundum  up  to  half  an  inch  in  diameter, 
wdiich  are  surrounded  by  scales  of  a  white  mica,  muscovite. 

CORUNDUM    IN    METAMORPHIC    ROCKS. 
CORUNDUM    IN    SERPENTINE. 

At  a  number  of  peridotite  localities  in  North  Carolina  and  Georgia 
crystals  and  fragments  of  corundum  have  been  found  that  were 
surrounded  by  serpentine,  but  nowhere  in  the  Southern  Appalachian 
region  has  corundum  been  found  associated  with  the  larger  masses  of 
serpentine  that  have  been  derived  from  the  alteration  of  the  peridotites, 
as  at  several  localities  in  Buncombe  County,  N.  C.  In  Chester  and 
Delaware  counties,  Pa.,°  there  is  a  long  belt  of  serpentine  rocks,  part  of^ 
which,  at  least,  have  been  derived  from  peridotite  rocks,  and  in  connec- 
tion with  these,  in  the  eastern  part  of  Chester  County  and  the  Avestern 
part  of  Delaware  County,  corundum  has  been  found.  In  this  the 
corundum  occurs  near  the  contact  of  the  country  rock,  and  its  occur- 
rence in  the  serpentine  is  almost  identical  in  conditions  with  thosf 
of  the  corundum  in  the  peridotites  and  pyroxenites  of  North  Caro- 
lina and  Georgia.  Considerable  plagioclase  feldspar  is  associatec 
with  the  corundum  in  the  vein  in  a  manner  somcAvhat  similar  to  th( 
occurrence  of  this  mineral  at  the  Cullakeenee  mine.  Buck  Creek 
Clay  County,  N.  C. 

CORUNDUM    IN    GNEISS. 

Corundum  has  been  found  in  North  Carolina  in  the  ordinary  gneis; 
of  the  same  belt  of  crystalline  rocks  in  which  the  peridotites  occur 
As  observed,  these  gneisses  are  often  very  variable,  passing  frequently 
into  mica-schist  and  sometimes  into  quartz-schist.  Such  transition 
are  occasionally  quite  sudden,  but  usually  there  are  thin  zones  of  mor 
or  less  intermediate  character;  and  sometimes  it  is  difficult,  if  no 
impossible,  to  decide  wdiat  should  be  called  gneiss  and  wdiat  mica 
schist,  etc.     A  number  of  occurrences,  part  of  wdiich  may  be  corun 


«  Geol.  Survey  Pennsylvania,  C4,  1883,  p.  351. 
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dum  in  gneiss,  are  described  under  the  head  of  mica-schist;  some  of 
the  rock  that  Avas  at  first  thought  to  be  a  gneiss  is  now  known  to  be 
a  qnartz-schist. 

In  the  eastern  part  of  Clay  County,  N.  C,  on  the  southern  slope  of 
Gross  Ridge  of  the  Chunky  Gal  Mountains,  just  above  Thumping 
Creek,  corundum  has  been  found  in  the  gneiss  at  a  number  of  points. 
The  rocks  are  so  covered  with  soil  and  decomposed  rock  that  the 
exact  relation  of  the  corundum-bearing  gneiss  to  the  normal  gneiss 
can  not  be  determined,  but  from  what  can  be  seen  the  former  appears 
to  be  in  narrow  bands  cutting  through  the  latter.  In  structure^  the 
gneiss  is  distinctly  laminated  and  very  fine  grained,  except  the  por- 
tions immediately  surrounding  the  corundum,  where  its  constituents 
are  nnich  more  coarsely  crystallized,  especially  the  biotite.  It  is  a 
hornblende-gneiss,  showing  but  little  mica  except  where  associated 
with  the  corundum. 

The  corundum  occurs  in  nodules  and  crystals,  half  an  inch  and 
smaller  in  diameter,  sometimes  wrapped  with  muscovite  in  a  manner 
similar  to  that  described  for  the  corundum  in  the  chlorite-schists 
(p.  59).  The  crystals  are  prismatic,  with  the  length  of  the  prism 
usually  two  or  three  times  its  diameter.  Occasionally  they  are  very 
flat,  with  the  j^rism  not  over  a  quarter  of  an  inch  in  length  and  half 
an  inch  in  diameter,  and  from  their  appearance  these  crystals  are 
known  locally  as  "  button  "  corundum. 

The  occurrence  of  corundum  in  the  gneisses  of  Clay  County  is  illus- 
trated in  PL  III,  B,  from  a  photograph  of  a  mass  of  gneiss  con- 
taining corundum  from  the  Meminger  and  Hooker  mine,  Muskrat 
Fork,  Clay  County. 

In  Buncombe  County,  N.  C,  on  the  Elk  Mountain  range,  a  few 
miles  north  of  Asheville,  corundum  has  been  found  associated  Avitli 
garnet,  sometimes  being  entirely  inclosed  by  the  garnet  and  at  other's 
inclosing  the  garnet.  The  corundum  occurs  in  a  garnetiferous  gneiss, 
and  although  it  is  somewhat  abundant  it  is  very  doubtful  if  this  will 
prove  to  be  a  commercial  source  of  corundum.  As  described  by  Mr. 
C.  E.  Lyman,  of  Asheville,  the  corundum  is  found  in  crystals  that 
sometimes  measure  as  much  as  an  inch  in  diameter.  They  are  pris- 
matic and  are  terminated  by  the  basal  plane.  They  vary  consider- 
jably  in  color,  from  blue  to  red,  and  a  few  gems  have  been  cut  from 
isome  of  them.  The  corundum  is  found  in  the  gneiss  near  its  contact 
iwith  a  pegmatitic  dike. 

In  Jackson  Count}^,  N.  C,  just  north  of  Betts  Gap,  in  the  Cowee 
Mountains,  splendid  grayish,  translucent  crystals  of  corundum  have 
been  found  in  a  garnetiferous  gneiss.  On  Caney  Fork  of  Tuckasegee 
[River,  elackson  County,  at  the  mouth  of  Chastains  Creek,  and  also 
^t  a  point  2  miles  up  Chastains  Creek,  corundum  surrounded  by 
muscovite  is  found  in  small  grains  and  nodules  up  to  an  inch  in 
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diameter  in  biotite-gneiss.  The  nodules  are  often  drawn  out  into 
small  lenticular  "  eyes."  The  corundum  is  chiefly  confined  to  the 
micaceous  bands  of  the  gneiss,  and,  on  account  of  the  greater  resist- 
ance of  its  muscovite  coating,  it  stands  out  in  prominent  knobs  over 
the  weathered  surfaces  of  the  gneiss.  A  similar  occurrence  is  found 
in  the  gneiss  at  the  mouth  of  the  North  Fork  of  Ellijay  Creek,  in 
Macon  County.  Also,  3  miles  north  of  this,  corundimi  is  found  in  a 
decomposed  hornblende-gneiss  on  the  summit  of  Turkey  Knob.  In 
this  same  general  vicinity  corundum  has  been  found  in  chlorite- 
schist,  as  described  on  page  59. 

Six  miles  southeast  of  Burnsville,  Yancey  County,  N.  C.,  on  Celo 
Ridge,  near  South  Toe  River,  corundum  is  found  in  almost  the  same 
relations  as  described  on  page  118  on  the  mountain  north  of  Corun- 
dum Hill  mine.  An  enstatite  rock  partly  altered  to  talc  appears  in  an 
outcrop  about  50  feet  wide.  Along  its  eastern  border  some  chlorite 
is  developed,  and  in  the  adjacent  decomposed  gneisses  corundum  is 
found  for  a  distance  of  2  or  8  feet  from  the  contact.  The  corundimi 
is  in  irregular  masses  and  imperfect  crystals  up  to  2  or  8  inches  long, 
and  is  often  more  or  less  inclosed  in  radiating  muscovite. 

Corundum  occurs  in  decomposed  gneiss  associated  with  no  other 
recognizable  rock  three-fourths  of  a  mile  northwest  of  Bakersville, 
Mitchell  County,  N.  C.,  on  the  Johnson  road.  So  far  as  could  be 
ascertained,  the  conditions  here  are  very  similar  to  some  of  those  on 
Shooting  Creek,  in  Clay  County,  already  described. 

At  Corundum  Hill  mine,  Macon  County,  N.  C.,  one  of  the  chief 
sources  of  corundum  has  been  the  peripheral  or  border  vein  developed 
along  the  southeastern  border  of  the  peridotite.  (See  map,  PL  XV.) 
When  this  mine  was  visited,  in  1895  and  1896,  the  tunnel  following 
this  vein  had  encountered  a  tough  hornblende  rock  in  the  gneisse^^ 
adjoining  the  peridotite,  varying  in  character  from  a  hornblende- 
gneiss  to  a  massive  amphibolite  and  bearing  corundum  in  consider 
able  abundance  in  grains  and  small  crystals.  At  the  time  mentionec 
this  material  was  one  of  the  principal  sources  of  corundum,  the  rod 
being  blasted  out  and  hauled  to  the  mills  on  wagons  for  crushing  anc 
cleaning.  The  exact  nature  of  this  rock  is  in  doubt.  The  peridotit< 
is  everywhere  bounded  by  biotite-gneiss  and  mica -schist,  so  far  a; 
appears  at  the  surface ;  but  as  bands  of  hornblende-gneiss  frequentb 
iippear  in  the  biotite-gneiss  it  might  very  well  be  a  hiember  of  th< 
gneisses  proper.  On  the  other  hand,  its  occasional  massive  characte 
and  its  abundance  of  corundum  make  it  closely  resemble  the  amphib 
olites  that  form  dikes  in  and  about  so  many  of  the  peridotites  ii 
Clay  County  and  the  adjoining  portions  of  Georgia. 

On  top  of  the  mountain  spur  2  miles  north  of  the  Corundum  Hil 
mine,  Macon  County,  N.  C,  an  outcrop  of  enstatite-talc  rock  abou 
50  feet  wide  occurs.     The  partly  decomposed,  friable  gneisses  at  th 
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eastern  border  of  this  mass  are  corundiini  bearing  for  a  thickness  of 
about  ()  feet.  The  corundum  occurs  in  small  grains  and  is  not 
abundant. 

Near  the  confidence  of  Owens  and  Parker  creeks,  Avhich  form  West 
Fork  of  French  Broad  River,  in  Transylvania  County,  N.  C.,  several 
large  bowlders  of  cyanite  have  been  found  on  the  surface  which  bear 
grains  and  small  crystals  of  a  deep  sapphire-blue  corundum.  The 
rocks  of  the  vicinity  are  gneisses,  and  these  are  undoubtedly  the 
source  of  these  cyanite-corundum  aggregates. 

CORUNDUM  IN  METAMORPHOSED  ZONE  BETWEEN  HARZBURGITE  AND  GNEISS. 

An  important  variation  from  the  usual  mode  of  occurrence  of 
corundum  with  the  peridotites  in  the  southern  portion  of  the  United 
States  is  found  near  Pelham,  Mass.  At  the  asbestos  quarry  near 
Pelham  there  is  a  lenticular  mass  of  the  harzburgite  (saxonite) 
variety  of  the  peridotite  rocks  about  40  feet  in  width  of  outcrop  and 
200  feet  in  length,  penetrating  the  acid  gneiss  of  the  country.  The 
harzburgite  is  very  much  altered  to  a  depth  of  3  to  12  feet,  when  the 
hard,  nearly  fresh  rock  is  encountered,  Avhich  is  of  a  dull  black  color 
and  is  made  up  of  grains  of  olivine  and  the  orthorhombic  pyroxene, 
bronzite.  The  black  color  of  the  rock  is  due  to  disseminated  particles 
of  chromite  and  magnetite.  Part  of  the  magnetite  may  be  due  to  an 
alteration  of  the  grains  of  olivine  similar  to  that  observed  in  the 
dunites  of  North  Carolina,  where,  at  the  beginning  of  its  alteration, 
there  is  a  deposition  of  magnetite  in  fine  grains,  which  forms  a  net- 
work of  black  lines  often  outlining  the  grains  of  olivine. 

Professor  Emerson  has  made  a  petrographical  examination  of  this 
rock  and  describes  it  as  follows : « 

This  is  a  very  fresh  mixture  of  olivine  and  enstatite,  both  dusted  throu,i?h  with 
black  ore,  largely  chromite.  It  is  a  dull-black  rock  of  very  great  toughness. 
The  olivine  grains  have  often  many  crystalline  faces.  The  enstatite  is  in  rare, 
small  plates,  with  parallel  sides  and  irregular  ends,  and  with  a  fine  wavy  lami- 
nation, which  is  often  marked  by  lines  of  black  ore,  generally  concentrated  in 
some  part  of  the  plate,  especially  the  center.  Although  nearly  colorless  or  pale 
bronzy  in  common  light,  it  has  marked  pleochroism.  It  is  plainly  rhombic,  and 
grades  into  the  asbestiform  decomposition  product  in  veins  running  through  the 
section. 

None  of  the  anthophyllite  that  is  so  abundant  in  the  decomposed 
portion  of  the  harzburgite  was  observed  in  the  fresh  rock. 

From  the  fresh  rock  to  the  surface  and  the  contact  with  the  gneiss 
the  harzburgite  is  more  or  less  completely  altered,  and  penetrating 
through  it  there  is  a  network  of  veins  of  anthophyllite,  which  are 
more  or  less  asbestiform.     These  veins  vary  in  width  from  very  thin 
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seams  to  8  inches,  with  some  that  are  very  much  wider,  from  which 
fibrous  masses  have  been  obtained  20  to  30  inches  long.  It  is  these 
veins  of  fibrous  anthophyllite  that  constitute  the  asbestos  of  the  Pel- 
ham  quarry. 

The  harzburgite  is  separated  from  the  gneiss  by  a  band  of  bronze- 
colored  biotite,  usually  4  to  8  inches  thick,  but  in  places  reaching  a 
thickness  of  4  feet.  In  this  wider  portion  there  are  nodules  or  imper- 
fect crystals  of  corundum  of  a  grayish  color  mottled  with  blue. 
These  are  often  wrapped  with  chlorite.  Nodules  of  a  black-green 
hornblende  and  an  emerald-green  actinolite  are  also  found  in  the 
biotite.     There  has  been  no  great  quantity  of  the  corundum  found. 

This  zone  of  biotite  is  probably  the  result  of  contact  metamorphism 
of  the  harzburgite  on  the  gneiss,  and  the  inclosing  corundum  was 
formed  at  the  same  time.  This  is  similar  to  the  large  quantity  of 
corundum  occurring  in  biotite  at  the  contact  of  harzburgite  and  gneiss 
of  the  Bad  Creek  mine,  Sapphire,  N.  C.     (See  p.  125.) 

CORUNDUM    IN    MICA-SCHIST. 

Occurrences  of  corundum  in  mica-schist  have  been  observed  at  a 
number  of  widely  separated  localities,  but  at  none  of  them  has  the 
corundum  been  found  in  large  quantity. 

In  North  Carolina,  just  south  of  the  divide  in  the  Cow^ee  Moun- 
tains, in  a  gap  at  the  head  of  Ellija^^  Creek,  Macon  County,  corun- 
dum occurs  in  a  decomposed,  friable,  garnetiferous  mica-schist.  The 
corundum  is  bluish  gray  and  occurs  in  grains  and  small  nodules. 
The  schist  sometimes  carries  scales  of  graphite,  and  in  places  is 
quite  gneissic  in  character.  Limestones  occur  within  half  a  mile 
southwest  of  this  locality  and  at  intervals  for  2  miles  in  the  same 
direction.  Some  years  ago  this  deposit  was  worked  to  a  limited 
extent;  it  is  known  as  the  "  Haskett  mine.'' 

Two  miles  southwest  of  Balsam  Gap,  in  Jackson  County,  N.  C, 
masses  of  cyanite  with  some  corundum  are  to  be  found  in  the  mica- 
schist  in  a  railroad  cut  a  few  hundred  feet  east  of  a  large  body  of 
peridotite.  The  schist  is  in  some  places  garnetiferous;  sometimes 
it  shows  also  small  amounts  of  scaly  graphite;  and  in  some  portions 
a  gneissoid  character  is  developed.  Similar  masses  of  corundum - 
bearing  cyanite  have  also  been  found  on  the  surface  in  the  vicinity. 

An  occurrence  in  many  ways  similar  to  the  last  is  fomid  at  Retreat, 
6  miles  southeast  of  Waynesville,  on  West  Fork  of  Pigeon  River,  in 
Haywood  County,  N.  C.  Corundum,  with  and  without  associated 
cyanite,  is  found  over  the  surface  in  irregular  masses  and  barrel- 
shaped  crystals.  The  rocks  are  garnetiferous  mica-schist  with 
gneissic  facies,  as  at  Balsam  Gap,  and  are  intersected  in  places  by 
small  pegmatite  dikes.  Much  of  the  corundum  is  wrapped  in  a 
thin  coating  of  a  very  compact  material  resembling  damourite. 
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In  a  region  of  aai'netiferoiis  mica-schist  tapering  prismatic  crystals 
of  grayish-blue  corundum  are  found  on  the  surface  on  the  ridge  lead- 
ing northwest  from  Carpenters  Knob,  along  the  borders  of  Burke  and 
Cleveland  counties,  near  the  corner  of  CataAvba  County,  N.  C. 

There  are  tAvo  localities  in  South  Carolina  where  corundum  has 
been  found  more  or  less  abundantly  on  the  surface  and  in  the  gravels 
of  the  streams;  one  about  8  miles  northwest  of  Gaffney,  Cherokee 
County,  on  the  Island  Ford  road,  near  Maud  post-offi(;e  on  the  Turner 
Phillips  farm;  and  the  other  about  1^  miles  northeast  of  the  town  of 
Laurens,  Laurens  County.  At  neither  locality  has  the  corundum  been 
found  in  place,  but  crystals  of  corundum  surrounded  by  scales  of  mica 
have  been  observed  at  both  Gaffney  and  Laurens,  and  at  the  latter 
place  fragments  of  what  had  all  the  appearance  of  a  mica -schist 
were  found  that  contained  crystals  of  corundum.     (See  pp.  149-150.) 

Seven  to  8  miles  southwest  of  Thomaston,  Union  County,  Ga., 
corundum  has  been  found  on  the  surface  over  a  considerable  area, 
and,  although  it  has  not  been  found  in  place,  some  specimens  of 
corundum  were  found  enveloped  in  a  matrix  of  mica-schist.  (See 
p.  143.) 

Genth "  has  described  an  occurrence  of  corundum  in  Patrick 
County,  Va.,  about  2  miles  from  Stuart,  where  it  has  been  found  in 
the  mica-schists  on  a  knob  of  Bull  Mountain.  Here  the  mica-schists, 
sometimes  garnetiferous  and  gneissic,  are  intersected  by  granite, 
Avhich  separates  the  schist  into  narrow  bands  that  can  be  followed 
for  some  distance  across  the  country.  The  corundum  is  found  asso- 
ciated with  andalusite,  cyanite,  chloritoid,  and  mica.  It  occurs  in 
rough  crystals  and  nodules  up  to  1  inch  in  length  and  half  an  inch  in 
diameter,  of  a  grayish- white  to  white  color  and  colorless.  Some- 
times it  is  so  finely  divided  that  it  appears  as  microscopic  grains  in- 
closed in  the  mass  of  associated  minerals.  It  is  readily  cleaned,  and 
tests  made  upon  the  cleaned  product  shoAv  that  it  is  well  adapted  for 
the  manufacture  of  the  vitrified  wheel. 

xVt  the  Calumet  iron  mines  in  Chaffee  County,  Colo.,  corundum 
crystals  have  been  found  in  the  mica-schists  at  their  contact  with 
intrusive  dikes  of  diorite. 

It  is  quite  possible  that  some  of  the  corundum  schists  of  South 
Africa,  described  on  page  158,  may  be  highly  corundifei'ous  facies  of 
mica -schists  or  quartz-schists,  and  hence  comparable  to  some  of  the 
United  States  occurrences  described  above. 

CORUNDUM    IN    QUARTZ-SCHIST. 

It  has  recently  been  observed  that  portions  or  bands  of  the  crystal- 
line rocks  of  the  southeastern  part  of  Clay  County,  N.  C,  and  the 
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northeastern  part  of  Towns  County,  Ga.,  are  corundum  bearing. 
These  rocks  vary  in  composition  from  those  that  are  a  normal  gneiss 
to  those  that  contain  no  feklspar  and  can  best  be  described  as  quartz- 
schist  composed  of  quartz  and  biotite  mica.  Some  portions  of  the 
rock  are  rich  in  garnet,  others  are  ahnost  entirely  free  from  this  min- 
eral, and  occasionally  there  are  also  small  bands  of  white  quartzite. 
The  rocks  are  distinctly  laminated  and  are  frequently  intersected  by 
granitic  dikes  some  of  which  are  coarsely  crystallized  and  of  a  peg- 
matitic  character.  These  dikes  are  often  parallel  with  the  bedding 
of  the  schists,  although  many  of  them  cut  irregularly  through  the 
schists.  Where  these  dikes  are  parallel  to  the  bedding  of  the  schists, 
the  laminated  structure  of  the  latter  is  much  more  apparent.  The 
general  strike  of  these  crystalline  rocks  is  about  northeast  and  south- 
west and  the  dip  is  about  30°  NW. 

Portions  or  bands  of  these  schists  are  corundum  bearing,  l)ut  they 
are  irregularly  defined  and  gradually  merge  into  the  normal  rock. 
They  have  a  relation  to  the  normal  schists  similar  to  that  of  the  garnet- 
bearing  bands  of  a  gneiss  to'  the  normal  gneiss  in  which  they  occur. 
Tliese  bands  are  not  veins  in  any  sense  of  the  word,  but  are  simply 
portions  of  the  same  mass  of  crystalline  rocks  in  which  corundum 
occurs  as  a  constituent  of  the  rock.  They  vary  in  width  from  a  foot 
or  two  to  12  or  15  feet,  but  in  these  wider  bands  the  corundum-bearing 
portion  is  not  continuous  and  is  intercei)ted  by  streaks  of  barren  rock 
and  granitic  dikes.  The  bands  can  be  traced  for  a  distance  of  5  or  6 
miles  in  a  northeast-southwest  direction,  sometimes  outcropping  con- 
tinuously for  nearly  a  mile.  There  are  at  least  two  of  these  corundum- 
bearing  bands  which  are  parallel  to  each  other  and  about  2  miles 
apart.  The  only  variation  that  has  been  observed  in  them  is  in  the 
percentage  of  corundum  and  garnet;  otherwise  they  are  identical. 
The  amount  of  corundum  is  never  large,  and  from  determinations 
made  on  samples  from  various  parts  of  the  deposits  it  will  not  average 
over  2  to  3  per  cent. 

The  corundum  occurs  for  the  most  part  in  small  particles  and  frag- 
ments that  have  no  regular  shape  and  are  of  a  gray,  white,  and  bluish- 
white  color  or  almost  colorless.  It  is  also  in  crystals  Avhich  vary  in 
size  from  some  that  are  very  minute  to  some  that  are  2^  inches  long 
and  about  one-half  inch  in  diameter,  and  that  are  usually  fairly  well 
developed  in  the  prism  zone.  Suggestions  regarding  the  origin  of 
the  corundum  in  these  schists  are  given  on  pages  96-97. 

Near  Teltonville,  Forsyth  County,  Ga.,  surface  specimens  of  corun- 
dum have  been  found  that  evidently  originated  in  the  quartz-schists 
of  that  region. 
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CORUNDUM    IN    AMPHIBOLE-SCHIST. 

At  the  Sheffield  mine,  in  Cowee  ToAvnship,  Macon  County,  N.  C, 
corundum  has  been  mined  in  a  saprolitic  rock  at  various  times  for  a 
number  of  years.  In  a  shaft  sunk  to  determine  the  depth  of  the 
corundum-bearing  saprolite,  solid, 'unakered  rock  was  encountered. 
The  shaft,  which  was  87  feet  deep,  passed  throuo-h  the  following 
rocks:  The  first  12  feet  (a)  was  through  the  saprolite,  in  which  thei-e 
wei-e  seams  of  kaolin;  the  next  2  feet  (h)  were  corundum  bearing. 
I^'rom  l-t  to  28  feet  (c)  the  same  saprolite  was  encountered;  the  next  2 
feet  {(I)  were  corundum  bearing,  followed  by  10  feet  {e,  from  30  to  40 
feet)  of  the  saprolite,  and  2  more  feet  (/)  that  were  corundum  bear- 
ing. From  42  to  ()3  feet  (g)  the  rock  began  to  be  less  de(;om posed, 
and  from  G3  to  (U;  feet  (h)  another  seam  of  corundum-bearing  rocJc 
was  encountered.  From  this  point  to  the  bottom  of  the  shaft  the 
rock  became  more  and  more  solid,  until  at  77  feet  (/)  the  fresh  rock 
"was  encountered.  These  various  seams  in  the  rock  are  very  pro- 
nounced. They  dip  30°  toward  4he  west  near  the  top,  but  become 
nearly  horizontal  near  the  bottom  of  the  shaft.  The  seams  of  decom- 
posed feldspar  observed  in  a  become  less  and  less  kaolinized,  until  in  i 
the  seams  are  of  pure  plagioclase  feldspar.  In  /  there  are  two  seams 
of  corundum  similar  to  h,  d,  and  /,  although  in  the  fresh  rock  the 
corundum  seams  are  not  as  pronounced  as  in  the  saprolitic  rock. 
There  is  often  a  considerable  amount  of  feldspar  bordering  the  seams 
of  the  corundum.  The  general  trend  of  the  rock  is  about  N.  5°  to 
10°  E. 

From  what  could  be  seen  of  the  solid  and  the  saprolitic  rocks,  it  is 
evident  that  the  corundum  occurs  at  intervals  in  the  rock  in  seams  a 
lew  feet  in  width.  The  corundum  may  comprise  10  per  cent  or  more 
of  the  veins,  but  the  quantity  in  the  rock  that  it  would  be  necessary 
to  mine  woidd  probably  not  be  over  a  few  per  cent.  The  actual 
width  of  the  dike  is  not  known,  but  the  saprolitic  rock  has  been  cut 
across  for  about  100  feet  in  a  direction  nearly  at  right  angles  to  its 
strike. 

The  fresh  rock  at  the  bottom  of  the  shaft  is  somewhat  varied  in 
appearance,  and  though  it  does  not  show  any  definite  gneissoid  struc- 
ture, it  sometimes  closely  resembles  it.  There  are  streaks  in  the  rock 
a  few  inches  thick,  the  more  finely  divided  portions  of  which  are  dis- 
tinctly gneissoid. 

Some  portions  of  the  rock  are  decidedly  porphyritic,  and  contain 
phenocrysts  of  a  light-gra}^  amphibole,  a  centimeter  in  diameter,  in  a 
groundmass  of  feldspar.  A  large  part  of  the  rock  is  made  up,  how- 
cxer,  of  small,  roughly  outlined  prismatic  crystals  of  an  amphibole, 
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probably  hornblende,  and  of  irregular  fragments  of  plagioclase  feld- 
spar. The  hornblende  is  almost  black  in  color,  but  in  thin  splinters 
it  has  a  bronze  luster  and  a  deep  resinous  color.  Biotite  of  a  deep- 
brown  color  occurs  sparingly,  and  a  pink  garnet  is  rather  abundant. 
This  part  of  the  rock  has  a  gneissoid  structure  and  contains  the  corun- 
dum. The  corundum  is  of  a  light  to  a  purplish-pink  color  and  occurs 
in  nodules  up  to  2  or  3  cm.  in  diameter.  Some  streaks  in  the  rock 
are  highly  garnetiferous,  and  are  composed  essentially  of  garnet  and 
plagioclase  feldspar  or  of  garnet  and  biotite.  Chalcopyrite  occurs 
very  sparingly  in  these  portions  of  the  rock.  Small  particles  of 
graphite  have  been  observed  in  the  coarsely  crystallized  portions. 

Professor  Pirsson  has  kindly  made  a  microscopical  examination  of 
this  rock,  the  results  of  which  are  embodied  in  the  follow^ing  para- 
graphs : 

In  thin  section  the  microscope  disclosed  tlie  minerals  hornblende,  plagioclase 
feldspar,  garnet,  biotite,  muscovite,  staurolite,  and  rutile.  Hornblende  is  the 
most  common,  forming  about  two-fifths  of  the  section,  while  of  the  remainder 
plagioclase  and  garnet  occur  in  about  equal  quantities  and  the  others  in  com- 
paratively insignificant  amounts. 

The  hornblende  is  formless,  but  tends  to  irregular  columns,  almost  invariably 
extended  in  the  plane  of  schistosity.  It  has  very  rarely  a  somewhat  stringy 
tendency  in  its  cleavage,  but  is  usually  homogeneous  in  broad  plates.  Its  color 
is  a  clear  olive-brown,  and  it  is  somewhat  pleochroic,  but  not  strongly  so.  It 
is  everywhere  dotted  by  the  small  grains  of  garnet,  which  rarely  show  good 
crystal  form.     The  garnet  occurs  associated  also  with  the  plagioclase. 

The  plagioclase  occurs  t\yinned  according  to  the  albite  law  only.  In  sections 
perpendicular  to  010  the  lamellae  show  extinction  as  great  as  80°,  and  the  plagio- 
clase is  therefore  rich  in  lime  and  as  basic  as  labradorite,  which  it  probably  is. 
It  shows  strong  evidence  of  shearing  movement  in  the  rock  ;  it  is  often  broken, 
exhibits  rolling  extinction,  and  the  albite  lamelhie  are  curved  and  bent.  It  runs 
along  the  planes  of  schistosity  between  the  feldspars  and  forms  a  mosaic  of 
angular  broken  grains. 

Staurolite  was  found  in  rather  broad,  irregular  grains,  and  rutile  in  small, 
irreguiar  grains  and  well-crystallized  prisms. 

Professor  Pirsson  has  indicated  that  the  character  and  structure  of 
this  rock,  composed  chiefly  of  amphibole,  labradorite,  and  garnet, 
suggest  most  strongly  that  it  is  a  metamorphosed  igneous  rock  of  the 
gabbroid  family.  During  metamorphism  the  augite  of  the  gabbro 
w^ould  be  converted  into  the  brown  hornblende;  any  iron  ore  that  was 
present  would  be  taken  up  by  the  hornblende  and  the  garnet.  The 
rutile  would  have  resulted  from  the  titanic  acid  that  is  a  regular  com- 
ponent of  the  iron  ores  in  these  gabbro  or  diabase  rocks.  Staurolite 
IS  a  mineral  that  Avould  be  rather  naturally  expected,  as  it  is  usually 
a  mineral  of  metamorphism,  and  its  natural  home  is  in  the  schistose 
rocks.  The  feldspar  has  suffered  the  least  (except  the  corundum) 
chemically,  and  shows  only  the  shearing  of  dynamic  processes. 

The  corundum  does  not  occur  in  crystals,  but  in  small  fragments 
and  in  elongated  nodules,  which  are  cracked  and  seamed  and  appear 
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to  have  been  drawn  out  by  the  shearing  processes.  The  general 
character  and  shape  of  the  fragments  of  corundum  would  indicate 
that  they  Avere  original  constituents  of  th(>  igneous  rock  and  were  not 
formed  during  its  metamorphism. 

The  exact  classification  of  this  rock  is  not  apparent,  and  it  is  here 
simply  designated  an  "  amphibole-schist,"  according  to  its  present 
character. 

CORUNDUM    IN    CIILORITE-SCIIIST. 

Besides  being  associated  with  chlorites  in  the  peridotites  and 
pvroxenites,  already  described,  corundum  is  found  in  the  louir  belts 
of  chlorite-schist  that  traverse  the  country  10  or  12  miles  southeast 
of  Webster,  Jackson  County,  N.  C.  These  chk)rite  rocks,  which 
sometimes  attain  a  width  of  several  hundred  feet,  are  traceable  for 
miles  across  the  country.  Almost  the  only  constituent  of  these  rocks 
is  a  green,  scaly  chlorite,  though  sometimes  there  are  present  small 
grains  of  feldspar,  and  occasionally  needles  of  amphibole.  The 
chlorite  is  in  small  scales,  never  very  coarse,  as  is  sometimes  the  case 
in  the  zones  about  the  peridotite,  and  often  these  scales  are  so  minute 
as  to  give  the  rock  a  very  compact  appearance. 

In  one  of  these  belts,  on  Caney  Fork  of  Tuckasegee  River,  Jackson 
County,  N.  C,  corundum  is  disseminated  through  the  chlorite  for  a 
thickness  of  8  feet,  in  small,  rounded  masses,  ranging  in  thickness 
from  minute  grains  to  an  inch,  and  there  the  chlorite  is  not  so  compact 
as  elsewhere.  The  corundum  is  usually  wrapped  with  a  white  coat- 
ing of  mica,  which  is  a  secondary  mineral  derived  from  the  corundum. 
The  mica  is  often  in  radiating  scales  perpendicular  to  the  outer  sur- 
face of  the  corundum,  and  while  in  some  cases  it  is  very  thin,  in  other 
cases  it  has  replaced  nearly  all  of  the  corundum,  leaving  but  a  grain 
of  that  mineral  in  the  center. 

In  Towns  and  Union  counties,  Ga.,  near  the  North  Carolina  line, 
numerous  outcrops  of  chlorite-schist  occur  on  the  waters  of  Brass- 
town  and  Arkaqua  creeks,  many  of  them  corundum  Ix'aring.  In 
some  cases  these  schists  are  associated  with  outcrops  of  recoguizable 
peridotite  or  troctolite,  but  in  the  majority  of  cases  only  the  chlorite- 
schist  is  visible.  To  all  appearance  these  outcrops  are  simihir  in 
character  to  those  just  described  in  Jackson  County,  N.  C.  At  one 
of  these  localities,  however,  at  the  Track  Hock  Gap  corunduui  mine, 
it  has  been  shown  that  the  chlorite-schist  is  an  aheration  proihiction 
of  amphibolite  or  an  amphibole-peridotite,"  specimens  only  partially 
altered  being  brought  to  light  in  the  deeper  workings. 

In  PI.  Ill,  A,  there  is  illustrated  the  occurrence  of  coruiiduui  in 
chlorite  at  the  Corundum  Hill  mine,  Cullasagee,  Macon  County,  N.  C. 


»  King,  F.  P.,  Bull.  No.  2,  Geol.  Survey  Georgia,  1894,  pp.  92-95. 
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CORUNDUM    IN    CRYSTALLINE    LIMESTONE." 

Extending  from  B_yram,  Sussex  County,  N.  J.,  to  AVarwick  Town- 
ship, X.  Y.,  a  distance  of  about  25  miles,  there  is  a  belt  of  limestone 
having  a  general  northeast -south  west  strike,  which  widens  out 
toward  its  northern  end.  Al^out  18t28  a  specimen  of  sapphire  corun- 
dum was  found  at  Franklin  Furnace  in  a  detached  piece  of  rock 
composed  essentially  of  feldspar;  but,  although  search  was  made,  no 
more  specimens  Avere  found  in  this  A^cinity.  A  fe^v  years  later 
sapphire  corundum  Avas  found  in  NeAvton  ToAA-nship,  about  G  miles 
from  Franklin  Furnace,  embedded  in  a  feldspar  and  partly  sur- 
rounded by  a  carbonate.  Prof.  W.  P.  Blake  ^  has  described  the 
occurrence  of  red  sapphire  corundum  in  the  white  crystalline  lime- 
stones in  Vernon  ToAA^nship,  Sussex  County,  N.  J.  The  finest  speci- 
mens AA^ere  ruby-red  in  color,  and  the  others  Avere  of  A^arious  shades 
of  purple.  The  crystals  AA^ere  translucent,  but  no  transparent  ones 
AA'Cre  observed.  Dana  reports  the  occurrence  of  sapphire  corundum  in 
these  limestones  near  NeAvton  and  Yernon,  Sussex  County,  N.  J.,  and 
near  Amity,  Orange  County,  and  Crugers  Station,  Westchester 
County,  N.l\ 

The  corundum  found  in  these  limestones  of  NeAv  Jersey  and  Xcav 
York  is  near  dikes  and  bosses  of  intrusive  granite,  and  in  the  form 
of  hexagonal  crystals  and  irregular  grains  and  masses  of  various 
colors — Avhite,  blue,  red,  purple,  etc.  Associated  with  it  are  spinel, 
chondrodite,  phlogopite,  graphite,  ilmenite,  rutile,  sphene,  zircon, 
and  many  other  minerals.  The  contact  phenomena  of  the  granite  of 
Mounts  Adam  and  Ea^c,  in  Orange  County,  N.  Y.,  are  described  by 
Prof.  J.  F.  Kemp  and  Mr.  Arthur  Hollick.^  Numerous  silicates  and 
other  minerals  occur  in  nodules  or  disseminated  grains  through  the 
limestone,  as  hornblende,  dark  mica,  augite,  titanite,  scapolite,  pyrite, 
chondrodite,  spinel,  and  fluorite,  Avith  occasionally  sussexite,  A^esu- 
vianite,  tourmaline,  and  corundum. 

The  crystalline  limestones  of  Burgess  ToAvnship,  Lanark  County, 
Ontario,  Canada,  also  contain  small  grains  and  crystals  of  rose-red 
to  sapphire-blue  corundum  in  association  Avith  quartz,  feldspar,  cal- 
cite,  muscovite,  sphene,  etc. 

Dr.  A.  Lacroix  '^  has  described  the  occurrence  of  corundum  Avith 
liumite,  brucite,  amphibole,  phlogopite,  scapolite,  spinel,  sphene, 
rutile,  zircon,  and  other  minerals,  in  the  marbles  of  Mercus  and  Ari- 
gnac,  Ariege,  France.  Red  and  blue  corundum  has  also  been  found 
associated  with  tourmaline  in  the  dolomite  at  St.  Gotthard;  and  the 


«  Am.  Jour.  ScL,  1st  ser.,  vol.  21,  1832,  p.  319. 
"  Idem,  2d  ser.,  vol.  13,  1852,  p.  116. 

"^  Annals  New  York  Acad.  Sci.,  vol.  7,  1893,  pp.  638  et  seq. 

'*Bull.  Services  Carte  geol.  France,  vol.  2,  No.  11;  Am.  Naturalist,  1891,  pp.   138-139 
(Abst). 
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Plant  for  washing  gravel  Is  shown  in  foreground  ;   a,  sluice  box;   b,  sieve  boxes;   C,  rocker. 
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extensive  occurrences  of  large  irregular  masses  of  emery  in  the  white 
crystalline  limestone  of  the  province  of  Aidin,  in  Asiatic  Turkey, 
are  well  known. 

CORUNDUM    IN   ALLUVIAL  DEPOSITS. 

The  gem  varieties  of  corundum  are  found  chiefly  in  the  soil  and  iu 
gravel  beds,  as  those  of  Burma,  Ceylon,  Siam,  and  other  regions  of 
southern  Asia;  the  saphire  deposits  of  Lewis  and  Clark,  (iranite, 
and  Deerlodge  counties,  Mont.,  and  the  ruby  deposits  of  Macon 
County,  N.  C.  Together  with  these  are  also  found  the  connnoner 
varieties  of  crystallized  corunduuL  In  some  of  these  localities  the 
mineral  has  been  traced  to  its  origin  in  the  crystalline  rocks. 

The  gravel  beds  re])resent  the  result  of  ages  of  concentration. 
During  the  time  that  the  rocks  were  slowly  decomposing  and  crum- 
bling away  through  the  agencies  of  air  and  water,  the  stream  beds 
furnished  a  natural  system  of  sluices,  in  which  the  heavy  and  more 
resistant  minerals  were  caught  and  retained,  while  the  lighter  mate- 
rials were  carried  farther  down  the  valley.  Thus,  if  all  the  material 
transported  by  the  streams  had  been  of  about  the  same  degree  of 
fineness,  there  would  have  been  an  almost  perfect  deposition  of  the 
different  minerals  according  to  their  specific  gravity,  the  heavier  ones 
being  clei^ositecl  higher  up  the  stream  and  nearer  their  origin;  or,  if 
the  materials  transported  had  been  of  various  degrees  of  coarseness, 
but  about  the  same  specific  gravity,  there  would  have  also  been  an 
almost  perfect  sorting  of  the  materials  according  to  sizes,  the  coarsest 
farthest  up  the  stream.  Since  both  of  these  kinds  of  deposition 
have  been  going  on  at  the  same  time,  the  heavy  minerals  and  the 
bowlders  and  large  fragments  of  the  lighter  ones  are  found  inter- 
mingled, thus  forming  the  alluvial  gravel  deposits  as  they  are  seen  at 
the  present  time.      (See  PI.  IV,  yi.) 

Although  the  corundum  gems  may  have  been  quite  rare  in  the 
original  rock,  they  have  been  concentrated  in  these  gravel  deposits, 
and  are  thus  found  in  comparative  abundance.  Even  after  the 
corundum  of  the  gravel  deposits  has  been  traced  to  its  original  source 
in  the  rocks,  the  gravels  often  still  remain  the  principal  commercial 
source  of  the  gems. 

EMERY    IN    UNDETERMINED    ASSOCIATION. 

In  1852  Dr.  C.  D.  Hunter «  observed  masses  of  emery  associated 
with  crystalline  corundum  in  granular  qiuirtz-mica  aggregates  at 
Crowders  Mountain,  in  Gaston  County,  N.  C. ;  in  1875  Dr.  F.  A. 
Genth  ^  described  emery  associated  with  the  titaniferous  iron  ores 

«Am.   Jour.   Sci.,   2d  ser.,  vol.   15,   1853,  pp.  873-378. 
^  Rept.   Geol.  Survey  North  Carolina,  1875,  p.  246. 
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near  Friendship,  in  Guilford  County;  it  has  been  found  asso- 
ciated with  staurolite  on  Mine  Fork  of  Jacks  Creek,  3  miles  north  of 
Burnsville,  in  Yancey  County ;  and  extensive  deposits  have  also  been 
observed  5  to  7  miles  southeast  of  Franklin,  in  Macon  County. 

FOREIGN   OCCURRENCES   OF   CORUNDUM.* 

A  number  of  foreign  occurrences  of  corundum,  especially  those  that 
are  of  economic  importance,  have  already  been  referred  to  in  connec- 
tion with  descriptions  of  similar  occurrences  in  this  country.  There 
are,  however,  several  other  modes  of  occurrence  of  corundum  of 
scientific  interest  that  have  been  observed  in  foreign  localities,  but 
have  not  yet  been  found  in  the  United  States.  These  are  briefly  men- 
tioned below  in  order  to  make  the  list  of  known  corundum-bearing 
rocks  as  nearly  compkte  as  possible : 

Coriindiim-hearing  rocks  not  found  in  the  United  States. 

Kyschtymite. 

Diorite. 

Tonalite. 

Gabbro. 

Nepheline-syenite. 

Syenite-pegmatite. 

Quartz-porphyry. 

Trachyte. 

Basalt. 

Contact  zones  and  inchisions  in  igneous  rocks. 

Metamorphic fCorundum-schists  and  porphyroids. 

iGraphite. 

CORUNDUM    IN    FOREIGN    IGNEOUS    ROCKS. 
CORUNDUM    IN    KYSCHTYMITE. 

Morozewicz  has  differentiated  Avhat  he  considers  a  new  type  of 
rock  and  has  given  it  the  name  kyschtymite,  after  the  Kyschtym 
district  of  the  Urals.^  The  rock  is  medium  grained  and  is  composed 
of  idiomorphic  corundum  of  a  pyramidal  habit,  anorthite,  and 
biotite,  with  accessory  dark-green  spinel,  apatite,  and  zircon. 

CORUNDUM    IN    DIORITE. 

Teller  and  von  John  ^  found  corundiun  associated  with  touruuiline, 
spinel,  ilmenite,  rutile,  biotite,  and  occasionally  zircon,  in  the  bor- 
ders  of   the   quartz-mica-diorites   that   penetrate   the   gneisses   and 

"  This  part  of  this  paper  was  especially  prepared  by  Prof.  J.  V.  Lewis  and  the  writer  for 
Bull.  No.  19,  Geol.  Survey  North  Carolina. 

"  Tschermaks  mineral,  ii.  petr.  Mittheil.,  vol.  18,  pts.  1,  2,  3,  1898,  and  review  of  same 
in  Jour.  Geol.,  vol.  7.  1899,  p.  304. 

'^  Jahrbuch  K.-k.  geol.  Reichsanstalt,  vol.  32,  1882,  pp.  589-684. 
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schists  at  Klausen,  in  southeastern  Tyrol.  The  same  minerals  were 
also  found  associated  in  the  contact  zones  of  the  schists  and  gneisses. 
The  corundum  is  in  colorless  or  bluish  crystals  of  microscopic  dimen- 
sions, only  the  tourmaline,  in  fact,  being-  visible  to  the  naked  eye. 

CORUNDUM    IN    TONALITE. 

Zirkel"  notes  the  occurrence  of  corundum  in  the  tonalite  of  the 
Eifel,  Germany. 

CORUNDUM    IN    GABBRO. 

Andreas  and  Konig''  describe  an  extremely  l)asic  facies  of  saus- 
suritic  hornblende-gabbro  at  Frankenstein,  (Termany,  in  which  masses 
and  streaks  of  magnetite,  sillimanite,  and  tabular  crystals  of  color- 
less corundum  occur  in  large,  allotriomorphic  plagioclase  feldspars. 
In  every  way  comparable  to  this  is  the  occurrence  of  nodules  and 
masses  of  spinel  and  corundum  in  coarse,  irregular  feldspars  in  the 
somewhat  amphibolized  gabbro  of  Veltlin,  Germany,  described  by 
Linck.'-  Attention  has  already  been  called  to  the  similarity  of  these 
occurrences  to  the  spinel-emery  in  the  norites  of  the  ''  Cortlandt 
series ''  of  eruptives,  in  Westchester  County,  N.  Y. 

CORUNDUM    IN    NEPHELINE-SYENITE    AND    SYENITE-PEGMATITE. 

In  the  province  of  Ontario,  Canada,  corundum  occurs  as  a  primary 
constituent  of  a  series  of  rocks  Avhich  vary  from  a  normal  syenite 
through  a  mica,  hornblende,  and  nepheline-syenite ;  it  is  also  found  in 
a  syenite-pegmatite.  These  syenites  vary  greatly  in  size  of  grain 
and  mineralogical  composition  in  different  parts  of  the  field,  and  in 
some  cases  the  syenite  masses  appear  to  merge  gradually  into  garnet; 
but  when  this  is  the  case  corundum  is  absent  in  the  rock.  These 
rocks  are  found  in  the  eastern  portion  of  Ontario  in  three  belts. 
One  belt  lies  to  the  north  and  has  been  traced  for  a  distance  of  over 
50  miles;  to  the  south  of  this  main  belt  are  two  smaller  belts,  one 
lying  to  the  southwest  and  the  other  to  the  southeast.  It  is  not 
improbable  that  these  two  smaller  belts  are  connected  with  the  larger 
belt  in  some  way,  perhaps  in  circular  form ;  or  it  may  be  found  that 
they  are  roughly  parallel  bands.  The  three  belts  taken  together 
partly  surround  a  region  with  a  diameter  of  about  50  miles.  These 
rocks  have  been  described  by  Mr.  W.  G.  Miller  and  others  in  the 
various  reports  of  the  Geological  Survey  of  Canada  and  in  the  reports 
of  the  Ontario  bureau  of  mines,  Toronto. 

Commercial  deposits  of  corundum  have  thus  far  been  found  only  in 
the  normal  syenites  Avhich  are  corundum  bearing.     In  some  of  the 

«  Lehrbuch  der  Petrographie,  1893,  p.  461. 

"Abhandl.  Senck.  Gesell.  Frankfurt,  1SS8.  p.  62. 

"  Sitzungsber.  K.  preuss.  Akad.  Wiss.  zu  Berlin,  vol.  6,  1808,  p.  47. 
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iiepheline-syenites  a  nearly  transparent  corundum  of  gem  quality 
has  been  found.  A  further  description  of  these  deposits  and  the 
names  of  the  companies  operating  corundum  deposits  are  given  on 
pages  151-153. 

CORUNDUM    IN    QUARTZ-PORPHYRY. 

The  only  instance  of  corundum  in  quartz-porphyry  that  has  been 
noted  is  that  described  l)y  Von  Foullon "  from  Teplitz,  in  Germany. 
After  subjecting  the  rock  to  the  action  of  hydrofluoric  and  sidphuric 
acids  an  insoluble  residue  was  obtained  consisting  of  small  grains  of 
corundum. 

CORUNDUM    IN    TRACHYTE. 

Hussak  ^  described  corundum  from  the  trachytic  bombs  of  the  vol- 
canic region  of  the  Laacher  See,  in  Germany.  Porlig  '^  found  green 
corundum  in  a  bom!)  from  the  trachyte-tuffs  of  Konigswinter ;  and 
Dana  '^  mentions  a  similar  occurrence  in  bombs  at  N-iedermendig. 

CORUNDUM    IN    BASALT. 

Besides  the  occurrence  of  corundum  in  metamorphosed  inclusions 
ill  the  volcanic  rocks  of  the  Auvergne,  France,  Lacroix  ^  also  found 
the  mineral  extensively  in  the  rocks  themselves,  trachytes,  andesites, 
basalts.  Similar  mineral  associations,  both  in  the  inclusions  and  in 
the  volcanic  rocks,  are  described  by  Dannenberg  ^  in  the  trachytes, 
andesites,  and  basalts  of  the  Siebengebirge,  Germany. 

CORUNDUM   IN   CONTACT  ZONES   AND   INCLUSIONS. 

Busz  ^  has  also  observed  corundum  as  a  contact  product  of  granite 
on  clay-slate  at  Dartmoor,  in  Devonshire,  Enghmd.  Barrois '' 
describes  banded  violet  and  green  hornstones  produced  by  meta- 
morphism  in  granite  at  Pont-Paul,  near  Morlaix,  in  Finisterre, 
France.  The  violet  layers  consist  of  biotite,  magnetite,  pleonaste, 
corundum,  andalusite,  staurolite,  quartz,  and  pyrite,  and  are  thought 
to  have  been  originall}^  a  highly  aluminous  shale. 

«Vei-hancll.  geol.  Reichsanstalt,  Wien,  No.  8,  1888,  p.  178;  Am.  Naturalist,  1889,  p.  524 
(Abst.). 

"  Sitzungsber.  K.  Akad.  Wiss.,  Wien,  vol.  87,  1883,  p.  358. 

<^  Sitzungsber.  Niederrhein.  Gesell.,  Bonn,  May  7,  1888. 

'^  System  of  Mineralogy,  6th  ed.,  1895,  p.  212. 

«  Sur  les  enclaves  acides  des  roches  volcaniques  de  I'Auvergne :  Bull.  See.  mineral. 
France,  No.  15,  1890,  pp.  100-106;  Am.  Naturalist,  1891.  p.  110  (Abst.)  ;  Mem.  Acad. 
Sci.,  Paris,  vol.  31  ;  Am.  Naturalist,  1895,  p.  G57   (Abst.). 

fUin.  und  petr.  Mittbeil.,  vol.  14,  1894,  p.  17;  Am.  Naturalist,  1894,  pp.  946-947 
(Abst.). 

»  Geol.  Mag.,  vol.  3,  189G,  pp.  492-494. 

"  Bull.  Soc.  geol.  France,  vol.  14,  1886,  p.  888. 
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Ramsay "  has  described  corundum  from  the  Kola  Peninsuhi, 
Archangel  Province,  Russia.  A  mass  of  nepheline-syenite  occurs  iu 
Umptek,  with  border  facies  comparatively  free  fi-om  nepheline 
(umptekite).  On  the  east  side  this  rock  is  bordered  by  sillimanite- 
L,^neiss,  between  the  layers  of  which  the  syenite  is  intruded  in  sheets 
of  variable  thickness  down  to  microscopic  dimensions;  but  in  all 
(!ases  the  boundaries  of  the  two  rocks  are  clearly  defined.  The  gneiss 
[contains,  besides  sillimanite,  zoisite,  garnet,  spinel,  corundum,  and 
taagnetite.  The  last  three  occur  in  elongated  masses  in  quartz- 
feldspar  aggregates. 

CORUNDUM   IN   FOREIGN   METAMORPHIC   ROCKS. 
CORUNDUM-SCHISTS   AND   POKPIlYKOn)S. 

Salomon  ^  found  corundum  in  the  phyllites  metamorphosed  by 
luartz-mica-diorite  and  tonalite  in  the  vicinity  of  Mount  Adamello, 
n  the  Alps  of  Lombardy,  Italy.  The  phyllites  have  been  converted 
nto  hornstone  containing  cordierite,  andalusite,  sillimanite,  tourma- 
ine,  spinel,  zircon,  corundum,  and  other  minerals.  Some  layers  of 
:he  rock  are  rich  in  corundum. 

Molengraaf,''  in  an  account  of  the  geology  of  the  gold  fields  about 
Pretoria,  in  South  Africa,  describes  the  oldest  rocks  as  granites, 
lericite-schists,  actinolite-schists,  and  amphibolites.  Above  these  lie 
[uartzites,  clay  slates,  corundum-schists,  and  porphyroids,  and  chias- 
olite-schists,  cut  by  diabase  dikes.  The  corundum-porphyroid  re- 
lembles  feldspar-porphyry,  consisting  of  large  crystals  of  biotite 
md  large  corundum  individuals  in  a  groundmass  of  quartz  and 
;hlorite. 

CORUNDU:VE    IN    (JRAPIIITE. 

AVichmann  ''  describes  corundum  from  the  graphite  of  Miihldorf, 
lear  Spitz,  in  lower  Austria.  Scales  of  graphite  are  found  with 
!orundum  in  the  peridotites  at  the  Bad  Creek  mine.  Sapphire,  eTack- 
ion  County,  N.  C,  and  are  often  associated  with  the  corundum  of 
he  mica-schists  of  the  State;  and  surface  specimens  of  corundum 
mind  in  a  region  of  garnetiferous  mica-schists  8  miles  northwest  of 
jraffney,  S.  C,  sometimes  have  scales  of  mica  and  graphite  attached 
o  them;  but  the  Austrian  occurrence  seems  to  be  the  only  instance 
hus  far  observed  where  the  corundum  is  embedded  in  graphite. 

"Fennia,  Helsingsfors,  vol.  11,  1894,  pp.  2,  77,  197. 

'' Zeitschr.  Deutsch.  geol.  Gesell.,  Berlin,  vol.  42,  1890,  p.  450;  Tschermaks  Mineral, 
littheil.,  vol.  12,  1892. 

'^  Neues  Jahrbuch  fur  Mineral.,  vol.  9,  1894-95,  pp.  174-291  ;  Am.  Naturalist,  1895,  pp. 
70-471   (Abst.). 

«*Verhandl.  K.-k.  geol.  Reichsanstalt,  Wien,  1884,  p.  150. 

Bull.  269— 06  M 5 
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MII^ERAIiS   ASSOCIATlilD    WITH,  AND   AXiTERATIO:N^    PROD- 
UCTS OF,  CORUIN^DUM. 

Ore  deposits  seldom  show  on  the  surface  and  in  their  upper  i)or- 
tions  the  same  mineralogical  and  physical  characteristics  that  they 
do  at  greater  depths,  and  their  outcrops  are  apt  to  be  stained  a 
brownish  color,  due  to  the  oxidation  of  iron  from  the  deposit.  These 
same  phenomena  are  observed  in  connection  with  corundum  deposits, 
especially  those  in  which  the  mineral  is  associated  Avith  j^eridotite  or 
other  basic  magnesian  rocks.  Both  the  alteration  products  of  corun- 
dum and  the  minerals  associated  with  corundum  will  vary  accord- 
ing to  the  type  of  rock  in  which  the  corundum  occurs  and  to  the 
extent  of  alteration  that  the  inclosins:  rock  has  under£>one.  Thus 
in  granite,  syenite,  or  gneiss  the  associated  minerals  Avould  l)e  radi- 
cally different  from  those  occurring  with  corundum  in  peridotite^. 
Moreover,  the  minerals  resulting  from  the  alteration  of  the  mineral 
constituents  of  the  original  rock  will  be  more  numerous  and  very 
different  in  the  peridotites  (the  basic  magnesian  rocks)  from  those  in 
the  first-named,  more  acid  rocks.  Although  corundum  is  one  of  the 
most  stable  minerals  at  the  earth's  surface,  as  is  well  illustrated  by 
the  fragments  of  this  mineral  that  are  found  in  the  stream  and  river 
gravels  exhibiting  no  sign  of  chemical  alteration  at  their  surface,  yet, 
on  the  other  hand,  conditions  have  existed  that  have  brought  about 
extensive  alterations  in  the  corundum  even  when  found  in  place,  this 
being  illustrated  by  the  finding  of  man}^  undoubted  pseudomorphs 
after  corundum. 

These  associated  minerals  of  corundum  are  readily  divided  into 
groups  as  follows : 

1.  Primary  or  original  minerals. 

2.  Minerals  that  are  the  result  of  contact  metamorphism. 

3.  Minerals  that  have  been  produced  by  regional  metamorphism. 

4.  Minerals  that  are  due  to  the  alteration  of  the  foregoing  minerals. 

5.  Minerals  that  are  the  direct  result  of  the  alteration  of  corundum. 
1.  The  primary  or  original  minerals  which  accompany  corundum 

include  those  minerals  that  are  constituents  of  the  rock  in  which  the 
corundum  occurs,  together  with  any  primary  accessory  minerals  oc- 
curring in  this  rock.  Thus  there  will  be  a  great  variation  in  the 
primary  minerals  according  to  the  type  of  rock  in  which  the  corun- 
dum occurs.  Where  corundum  occurs  in  gneiss  and  granite,  beyond 
the  mineral  constituents  of  the  rock,  there  would  be  usually  garnet, 
magnetite,  pyrite,  zircon,  and  rarely  monazite  and  sodalite. 

AVhere  corundum  occurs  in  the  peridotites  and  other  basic  mag- 
nesian rocks,  the  rock  constituents  are  entirely  different,  consisting 
mostly  of  olivine,  magnesia  amphiboles,  pyroxenes,  and  rarely  pin 
gioclase  feldspar,  while  the  accessory  primary  minerals  are  usually 
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chromite  and  spinel,  the  former  having-  Ihhmi  found  in  nearly  every 
peridotite  that  has  been  examined.  These  in  turn  are  differenl  from 
the  minerals  in  other  rocks,  such  as  the  limestones. 

'2.  The  minerals  that  have  been  prcxhiced  by  contact  metamoi-phism 
will,  in  some  instances,  include  the  cornndum  itself  and  other  min- 
erals, such  as  biotite,  nuiscovite,  o-arnet,  stanrolite,  tourmaline,  rutile, 
etc.  These  minerals  Avould  result  in  such  cases  as  that  described  on 
page  53,  Avliere  corundum  is  found  in  a  zone  of  biotite,  which  is  the 
result  of  contact  metamorphism  produced  by  the  intrusion  of  the 
harzburgite  (saxonite)  on  the  gneiss. 

3.  The  minerals  produced  by  regional  metam()rj)hism  would  be 
those  found  with  corundum  in  rocks  such  as  the  scl lists  and  gneisses, 
and  Avould  include  biotite.  muscovite,  amphibole  (uralite).  silliman- 
ite,  cyanite,  etc. 

-1.  From  the  minerals  mentioned  in  these  three  gi'oups  others  would 
be  produced  by  direct  or  indirect  alteration.  The  minerals  resulting 
from  the  alteration  of  the  mineral  constituents  of  granites,  syenites, 
gneisses,  schists,  etc.,  are  not  a!)uiidant,  as  neither  these  mineral^ 
nor  the  corundum  itself  has  usually  suffered  any  very  great  alteration. 
The  felds})ar  is  simietimes  more  or  less  kaolinized,  and  this  \you1(1  rep- 
resent the  chief  alteration  product. 

5.  Minerals  that  are  direct  alterations  of  corundum  are  not  com- 
mon, the  i)rincipal  ones  being  diaspore,  muscovite,  and  magnetite. 
With  tlie  i)erid()tites  and  other  basic  magnesia n  rocks,  however, 
the  alteration  products  are  much  more  numerous,  and  thus  the  asso- 
ciated minerals  of  corundum,  which  are  directly  the  result  of  the 
alteration  of  the  mineral  constituents  of  the  peridotite,  are  also 
numerous.  These,  again,  will  depend  upon  the  clniracter  of  the 
peridotite  or  other  basic  magnesian  rock  as  to  whether  it  is  d unite, 
composed  almost  entirely  of  chrysolite  (olivine),  or  enstatolite,  com- 
posed almost  entirely  of  enstatite,  or  one  of  the  other  peridotites  or 
pyroxenites,  which  are  composed  of  two  or  more  minerals. 

The  primary  minerals  occurring  with  the  corundum  also  cause  a 
considerable  variation  in  the  alteration  minerals,  as.  with  felds[)ar, 
kaolin  Avill  ])e  a  common  alteration  product,  and,  more  rarely,  such 
minerals  as  wellsite  and  chabazite,  two  zeolites  found  at  Buck 
Creek  mine.  Clay  County,  X.  C.  At  nearly  all  of  the  corundum 
deposits  occurring  in  the  jKM'idotites,  pyroxenites,  and  am})liibolites 
some  minerals  of  the  chlorite  or  clintonite  gr()ui)s  are  common  altera- 
tion products,  and  there  is  a  noticeable  absence  of  any  quantity  of 
I  quartz  or  of  the  micas  of  the  nuiscovite  grouj).  There  is,  however,  a 
considerable  variation  in  the  minerals  associated  with  the  corundum 
at  various  localities.  Thus  corundophilite,  which  has  been  so  com- 
1  monly  observed  associated  with  .corundum  and  emery  at  the  locali- 
I  ties  in  Asia  Minor  and  at  Chester,  Mass.,  has  not  been  identified  in 
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North  Carolina  or  Georgia ;  but,  on  the  other  hand,  clinochlore  is  the 
common  chlorite  found  associated  with  corundum  in  these  States. 
Then,  again,  zoisite  is  a  very  common  associated  mineral  at  some  of 
the  localities  in  North  Carolina  and  Georgia,  while  epidote  is  almost 
entirely  Avanting.  Of  the  feldspars,  albite  and  oligoclase  are  the 
more  abundant  associates  in  North  Carolina  and  Georgia,  while 
anorthite  is  more  connnonly  associated  \\i{\\  the  corundum  in  other 
localities.  Another  noticeable  difference  is  in  the  mineral  diaspore, 
the  hydrous  oxide  of  aluminum,  which  is  very  commonly  associated 
with  the  corundum  in  Asia  Minor  and  at  Chester,  Mass.,  but  Avhicli 
tip  to  the  present  time  has  been  identified  at  but  one  locality  in 
North  Carolina,  and  then  there  Avas  but  one  s})ecimen  reported.  It 
may  be,  however,  that  the  diaspore  is  formed  in  mimite  quantity  as 
a  direct  hydration  of  corundum.  This  Avould  accoimt  for  the  Avater 
that  is  shoAvn  in  many  analyses  of  corundum  and  Avould  also  explain 
the  comparatiA^e  softness  of  some  specimens  of  corundum. 

Another  A^ery  commonly  associated  mineral  of  corundum  and 
emery  is  margarite,  Avhicli  occurs  perhaps  as  universally  as  any  of  the 
directly  associated  minerals.  It  occurs  very  abundantly  Avith  the 
emery  at  Chester,  Mass.,  Avith  the  corundum  at  many  localities  in 
North  Carolina  and  Georgia,  and  Avith  the  corundum  in  California, 
and  it  is  in  some  cases  due  to  the  direct  alteration  of  corundum. 

The  carbonates  are  extremely  rare  associated  minerals  of  corun- 
dum, except  when  corundum  occurs  in  limestone.  In  the  peridotite 
and  pyroxenite  rocks  there  are  tracers  of  magnesium  carbonate 
observed,  dcA^eloped  in  the  cracks  of  the  rocks,  and  at  a  fcAv  localities 
crystals  of  aragonite  liaA^e  been  found. 

Phosphates  are  sometimes  observed  in  the  zone  of  alteration 
products,  and  in  a  number  of  localities,  as  at  Corundum  Hill,  Macon 
County,  N.  C,  and  the  Bad  Creek  mine.  Sapphire,  N.  C,  crystals  of 
apatite  Avere  found  that  measure  nearly  1^  inches  in  length  and  half 
an  inch  in  diameter. 

Some  of  the  minerals  knoAvn  to  occur  Avith  corundum  have  been 
found  only  at  one  locality,  such  as  Avellsite,  a  neAV  mineral  described 
from  the  Buck  Creek  mine.  Clay  County,  N.  C.,  and  a  number  of  the 
A^ermiculites,  as  lucasite,  kerrite,  Avillcoxite,  etc. 

There  is  given  in  the  folloAving  table  an  alphabetical  list  of  the 
minerals  that  have  been  found  associated  Avith  corundum  at  the  A^ari- 
ous  localities  in  the  United  States.  As  far  as  possible  it  is  indicated 
Avhether  the  minerals  are  primary  associated  minerals,  rock  constitu- 
ents, or  alteration  products.  It  has  also  been  indicated  Avhether  the 
mineral  has  been  found  at  only  one  locality. 
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LIST   OF    MINERALS   ASSOCIATED    WITH    CORUNDUM    IN    THE    UNITED   STATES, 

1.  Actinolite.     Georgia  and  North  Carolina.     In  i»eridotitc.     Primary  mineral. 

2.  Albite.     Georgia,     North    Carolina,     and     I*ennsylvaiiia.     Rock     constituent 

and  with  peridotite. 

3.  Almandite    (var.    garnet).     Georgia,    North    C'arolina,    Colorado,    and    New 

York.     In  gneisses  and  schists;  regional  metamori)hism. 

4.  Amphlbole.     Rock  constituent;  i)rimary  and  regional   metamori)hism. 
r>.  Andesine.     North  Carolina.     In  peridotite.     Primary  mineral. 

C.  Andradite.     North    Carolina,    New    York.     In    ptn'idotite.    due    to    metainor- 
phism  ;  also  in  gneisses — regional  metamorphism. 

7.  Anorthite.     North  Carolina  and  Georgia.     Rock  constituent. 

8.  Anthqphyllite.     North  Carolina  and  Georgia.     In  peridotite.     Primary. 

9.  Apatite.     North  Carolina.     In  peridotite.     Secondary  product. 
10.  Arfvedsonite.     North  Carolina.     In  peridotite.     Primary. 

It.  Aragonite.     North  Carolina.     In  peridotite.     Alteration  product. 

12.  Asbestos    (var.    amphibole).     Georgia,    North    Carolina.     In    peridotitw    and 

pyroxenite.     I'rimary. 
i;i  Heryl.     Greenwood,  Me.     In  mica-schist. 

14.  Kiotite.     Colorado,   North   Carolina,   and   Massachusetts.     Rock   constituent. 

Contact  and  regional  metamorphism. 

15.  Breunnerite     (var.    magnesite).     Georgia,    North    Carolina.     In    j)eridotite. 

Alteration  i)r()du(t. 
1().  Bronzite   (var.  enstatite).     (ieorgia  and  North  Carolina.     Rock  constituent. 

17.  Calcite.     Rock  constituent. 

18.  Cerolite.     Corundum  Hill  mine,  Macon  County,  N.  C.     In  peridotite.     Alter- 

ation  product. 

19.  Chabazite.     Buck    Creelc    mine.    Clay    County.    .\.    C.     In   peridotite.     Alter- 

ation product. 

20.  Chalcedony     (var.    quartz).     Georgia.    North    Carolina,     Pennsylvania.     In 

peridotite.     Alteration  product. 

2L  Chalcopyrite.     In  gneisses. 

22.  Chlorite.     California,    Georgia,    North   Carolina,   Pennsylvania,    and   Massa- 
chusetts.    In   peridotite,    ami)hibolite,    etc.     Connnon    alteration    prcxhict. 

2.*^.  Chloritoid.     North  Carolina.     In  peridotite.     Alteration  product. 

24.  Chromite.     (ieorgia,  North  ('arolina,  and  Pennsylvania.     In  i)eridotite  and 

pyroxenite.     Primary. 

25.  ('hrysolite    (or   olivine).     Rock    constituent. 

20.  Chi-ysotile   (var.  serpentine).     Georgia,  North  Carolina,  and  Massachusetts. 
In  peridotite.     Alteration  product. 

27.  Clinochlore.     California,     Georgia,     North     Carolina,     and     Massachusetts. 

Alteration  product. 

28.  Culsageeite    (var.    jefferisite).     North    Carolina.     In    peridotite.     Alteration 

1)  rod  net. 

29.  Cyanite.     Connecticut,  Georgia,  North  Carolina,  and   \'irginia.      In  gneisses 

and  schists.     Regional  metamorphism. 

30.  Damourite   (var.  muscovite).     Rock  constituent;  also  alteration  product. 

31.  Deweylite.     Georgia   and   North  Carolina.     In   peridotite.     Alteration   prod- 

uct. 

32.  Diallage   (var.  pyroxene).     Rock  constituent. 

33.  Diaspore.     California,    Massachusetts.    North    Carolina    (rare),    and    Penn- 

sylvania.    In  peridotite,  amphibolite,  etc.     Alteration  product  of  corun- 
dum. 
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34.  Diopsicle  (var.  pyroxene).     Koek  constituent. 

35.  Distbene   (or  cj^anite).     In  gneisses  and  schists.     Regional  nietamorphisni. 

36.  Dudleyite  (vermiculite).     Bnclv  Creelv  mine,  North  Carolina.     In  peridotite. 

Alteration  product. 

37.  Edenite  (var.  amphibole).     Kock  constituent. 

38.  Enstatite.     Rock  constituent.     Primary.     Alteration  product. 

39.  Epidote.     In  peridotite  and  amphibolite.     Alteration  product. 
P]upbyllite.     See  I*aragonite. 

40.  Fibrolite   (or  sillinianite).     Rock  constitutent.     Regional  metamorphism. 

41.  Fuclisite  (var.  mnscovite).     (Georgia  and  North  Carolina.     In  peridotite. 

42.  Gabnite.     With  corundum  in  gravels  at  Cowee  Creek,  North  Carolina. 
Garnet.     See  varieties.     Contact  metamorphism. 

43.  Garnierite    (var.    (Tentbite).     Georgia    and    North    Ciirolina.     In    peridotite. 

Alteration  ]»roducu 

44.  Genthite.     Georgia  and  North  Carolina.     In  peridotite.     Alteration  product. 

45.  Gibbsite.     Pennsylvania.     In  serpentine.     Alteration  product. 
40.  Graphite.     In  schists  and  gneisses.     Product  of  metamorphism. 

47.  Hematite.       Constituent  of  emery.       Primary.       In  peridotite.       Alteration 

product. 

48.  Hornblende  (var.  amphibole).     Rock  constituent. 

49.  Hyalite  (var.  opal).     North  Carolina.     In  [)eridotlte.     Alteration  product. 

50.  Hyperstbene.     Rock  constituent. 

51.  Ilmenite    (or  menaccanite).     North  Carolina.     In  peridotite.     Primary. 

52.  Kammererite  (var.  penninite).     Georgia  and  North  Carolina.      In  ])eridotite. 

Alteration  product. 

53.  Kaolin   (or  kaolinite).     In  feldspar.     Alteration  product. 

54.  Kerrite  (vermiculite).     North  Carolina.     In  peridotite.     Alteration  ijroduct. 

55.  Labradorite.     North     Carolina.     I'rimaiT.     In     ])eridotite     and     amphiboh> 

schist. 
50.  Lazulite.     North  Carolina.     Alteration  product. 

57.  Lepidolite.     Greenwood,  Me.     In  mica-schist.     Regional  metamorphism. 

58.  Limonite.     Georgia,     North     Carolina,     Massacliusetts,     and     Pennsylvania. 

Alteration  product. 

59.  Lucasite    (vermiculite).     North   Carolina.     In    peridotite.     Alteration    i)rod- 

uct. 
00.  Maconite    (vermiculite).     North   Carolina.     In  i)eridotite.     Alteration  prod- 
uct. 

61.  Magnesite.     Georgia  and  North  Carolina.     In  peridotite.     Alteration  product. 

62.  Magnetite.     Constituent  of  emery.     In  peridotite.     Alteration  product. 

03.  Margarite.     California,  Georgia,  North  Carolina,  Massachusetts,  and  Penn- 
sylvania.    In  peridotite,  amphibolite,  etc.     Alteration  product. 

64.  Marmolite    (var.    serpentine).     North    Carolina.     In   peridotite.     Alteration 

product. 

65.  Meerschaum     (or    sepiolite).     North    Carolina.     In    peridotite.     Alteration 

product. 

66.  Meionite.     North  Carolina.     In  peridotite.     Alteration   product. 

07.  Muscovite.     Rock   constituent.     Contact  and   regional   metamorphism.     Also 
alteration  product  of  corundum. 

68.  Oligoclase.     Rock  constituent.     Primary  mineral  in  corundum  vein  in  peri- 

dotite. 

69.  Opal.     North  Carolina.     In  peridotite.     Alteration  product. 

70.  Orthoclase.     Rock  constituent. 

71.  Painterite   (vermiculite).     Pennsylvania.     Alteration  product. 

72.  Paragonite  (eui)byllite  variety).     Unionville,  Pa.     Alteration  product. 
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Pattersonite.     Pennsylvania.     Alteration  r>roduct. 

74.  Penninite.     Georgia  and  North  Carolina.      In  peridotite.     Alteration  i»rodn(t. 

75.  Picotite   (vai'.  spinel).     In  ])eridotite.     Primary. 

7);.   Picrolite    (var.    serpentine).     Georgia,    North    Carolina,    and    Pennsylvania. 

In  peridotite  and  serpentine.     Alteration  pi-odnct. 
77.  Prochlorite.     Most    common    chlorite    in    (Jeorgia    and    North    Carolina.     In 

l)eridotite.     Alteration  prodnct. 
IS.   Pyrite.     Gneisses  and  schists. 
70.  Pyrophyllite.     Hock  constitnent.     Regional  metaniorphism.     Alteration  ])rod- 

nct. 
Pyroxene.     See  varieties.     Primary. 

80.  Quartz.     Rock  constitnent.     Also  in  peridotite.     Alteration  product. 

81.  Rhodolite  (var.  garnet).     Cowee  Valley,  Macon  County,  N.  C.     Embedded  in 

ruby  corundum  crystals. 
Ripidolite.     See  Clinochlore. 

82.  Rutile.     In  amphibole-schists,  etc.     Contact  metaniorphism. 

88.  Serpentine.     Rock   constituent.     Also   in   i)eridotite.     Alteration  pi-odnct. 
Sepiolite.     See  Meerschaum. 
Sillimanite.     See  Pibrolite. 

84.  Spinel.     Virginia  and  North  Carolina.     In  peridotite.     Primary. 

85.  Staurolite.     North  Carolina.     In  amphibole-schist.     Contact  metaniorphism. 
80.  Talc.     Common  in  peridotite  and  pyroxenites.     Alteration  product. 

87.  Tourmaline.     Contact  metaniorphism.     Also   (in  North  Carolina)    alteration 

product. 

88.  Tremolite.     Rock  constituent. 
Vermiculite.     See  varieties. 

89.  Villarsite.     North  Carolina.     In  peridotite.     Alteration  product. 

00.  Wellsite.     Buck    Creek    mine,    North    Carolina.     In    peridotite.     Alteration 
product. 

91.  Willcoxite       (vermiculite).     North      Carolina.     In      peridotite.     Alteration 

product. 

92.  Zircon.     Greenwood,  Me.     In  mica-schist. 

93.  Zoisite.     Georgia  and  North  (\arolina.     In  jx'ridotite.     Alteration  product. 

ORIGIN   OF   COKUIS^DLM. 

During  recent  years  synthetical  mineralogy  has  come  to  play  a  very 
important  part  in  the  study  of  mineralogy  and  geology,  and  has 
nided  considerably  in  the  solving  of  many  geological  problems.  Thus, 
in  working  out  the  problems  relating  to  the  origin  of  corundum  in 
the  various  rocks,  the  different  methods  of  producing  corundum 
artificially  have  been  of  material  assistance.  For  this  reason  these 
methods  are  briefly  described  before  a  discussion  of  the  origin  of  this 
mineral  is  taken  up. 

ARTIFICIAL   PRODUCTION    OF  CORUNDUM. 

The  methods  by  which  corundum  has  been  produced  artificially 
are  very  varied  and  the  results  very  satisfactory,  the  corundum  being 
obtained  in  many  forms  and  colors.  The  artificial  production  of 
conmdum  gems  was  the  motive  for  the  first  attempts  of  this  kind, 
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and  excellent  results  have  been  obtained  in  the  manufacture  of  sap 
phires  and  rubies.'^ 

In  1851  De  Senarmont^  obtained  rhombohedrons  of  corundum  by 
heating  a  solution  of  aluminum  chloride  or  nitrate  in  a  sealed  tube 
to  350°  C  During  the  same  year  Ebelmen  ^  produced  hexagonal 
plates  of  corundum  by  exposing  to  a  very  high  temperature  in  a  por- 
celain kiln  a  platinum  crucible  containing  one  part  of  amorphous 
alumina  and  three  or  four  parts  of  borax.  Carbonate  of  soda  can 
replace  the  borax  in  this  preparation  of  corundum.  By  the  addition 
of  small  quantities  of  different  metallic  oxides,  various  colors  of 
corundum  were  obtained. 

In  1857  Gaudin  '^  found  that  after  heating  a  closed  crucible  con- 
taining equal  parts  of  alum,  sulphate  of  potash,  and  charcoal  before 
the  oxyhydrogen  blowpipe  corundum  was  one  of  the  products  of  the 
reaction. 

Eisner  '^  obtained  red  crystalline  grains  of  corundum  by  fusing 
before  the  oxyhydrogen  blowpipe  anhydrous  alumina  with  bichro- 
mate of  potash. 

H.  Saint-Claire  Deville  and  Caron/  in  1858,  produced  magnificent 
hexagonal  plates  of  corundum  by  heating  to  a  white  heat  for  an 
hour  anhydrous  aluminum  fluoride  in  the  bottom  of  a  charcoal  cruci- 
ble, suspended  in  the  center  of  which  was  a  cupel  of  the  same  mate- 
rial filled  with  bori<3  acid.  By  adding  a  little  chromium  fluoride  in 
varying  amounts,  red,  blue,  or  green  corundum  was  obtained. 

In  the  year  1861  Debray -'^  found  that  corundum  was  formed  by 
passing  a  slow  current  of  chlorhydric  acid  over  aluminate  of  soda  at 
a  red  heat,  or  over  a  mixture  of  aluminum  phosphate  and  lime.  He 
also  produced  crystals  of  corimdum  by  melting  phosphate  of  alumina 
with  three  or  four  times  its  weight  of  potassium  or  sodium  phosphate. 

Hautefeuille,''  in  1865,  produced  corundum  crystals  by  slowly  pass- 
ing hydrofluoric-acid  gas,  previously  diluted  with  nitrogen  and  steam, 
over  amorphous  alumina  heated  to  a  bright  red  in  a  platinum  tube. 


"  Bourgeois,  L.,  Reproduction  artificielle  des  roineraux  :  Encyclopedie  chimique,  vol.  2  ; 
Kunz,  G.  F.,  On  ttie  new  artificial  rubies  :  Trans.  New  York  Acad.  Sci.,  October  4,  1886. 

"  Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  32,  1851,  p.  762;  L'Institut  (I'aris),  1851,  j). 
165;  Annalen  Cliom.  und  Pharm.,  vol.  80,  p.  214;  Pharm.  Centralbl.,  1851,  p.  518. 

*•  Annales  de  chim.  et  de  pbys.,  1851,  vol.  33,  p.  34. 

"  Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  44,  p.  999  ;  L'Institut,  1857,  p.  110  ;  .Tour 
Prakt.  Chem.,  vol.  70,  p.  381  ;  Bull.  TTniv.  de  Geneve,  vol.  34,  p.  68  ;  Jahrbuch  fiir  Mine- 
ral., 1857,  p.  444. 

«  Jour.  Prakt.  Chem.,  vol.  17,  p.  175. 

r  Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  46,  1858,  p.  764  ;  L'Institut,  1858,  p.  133  ; 
Annalen  Chem.  und  Pharm.,  vol.  108,  p.  55  ;  .Tour.  Prakt.  Chem.,  vol.  74,  p.  157. 

«' Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  52,  1861,  p.  985;  L'Institut,  1861,  p.  165 ; 
Annalen  Chem.  und  Pharm.,  vol.  120,  p.  184;  Jahrbuch  fiir  Mineral.,  1861,  p.  702;  Bull. 
Soc.  Chimique,  1865. 

''  Annales  de  chim.  et  de  phys.,  vol.  4,  1865,  p.  153. 
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Gaiidin,«  during  1869,  obtained  corundum  by  the  decomposition  of 
potash  ahun  by  charcoal,  and  also  by  fusing  amorphous  alumina  in 
the  oxyhydrogen  blowpipe  flame.  The  melt,  when  cooled,  has  the 
hardness  of  corundum,  but  a  specific  gravity  of  only  3.45. 

Fremy  and  Feil «  produced  a  corundum  in  1877  by  fusing  together 
minium  (t^PbO.PbOo)  and  alumina  in  siliceous  earthen  crucibles. 
In  this  reaction  a  lead  aluminate  was  first  formed,  and  this,  uniting 
with  the  silica  of  the  crucible,  formed  a  lead  glass,  liberating  at  the 
same  time  the  alumina,  which  crystallized  out  as  corundum  in  the 
form  of  hexagonal  plates.  The  specific  gra^dty  of  these  crystals  was 
4.0-4.1.  By  the  addition  of  a  chromium  salt  a  ruby  corundum  was 
produced  which  had  the  color  and  hardness  of  the  natural  ruby  and 
which,  like  the  natural  ruby,  was  decolorized  "temporarily  by  lieating. 

They  also  obtained  corundum  in  the  form  of  sharply  crystallized 
rubies  by  fusing  together  in  a  clay  crucible,  covered  with  another 
inverted  one,  equal  weights  of  ahunina  and  barium  fluoride  with  a 
little  potassium  bichromate.'' 

St.  Mennier ''  in  1880  heated  to  redness  in  a  porcelain  tube  alumina 
chloride,  magnesium,  and  water  vapor,  and  obtained  a  very  minute 
crystal  which  resembled  corundum,  but  lie  was  not  able  to  determine 
it  exactly.  By  substituting  zinc  for  the  magnesium  in  a  similar 
experiment,  and  also  by  leaving  out  the  metal  altogether,  similar 
results  were  obtained. 

In  1882  H.  Grandeau  '^  obtained  corundum  in  the  same  manner  as 
Debray  in  1861,  and  he  called  attention  to  the  formation  of  a  double 
phosphate  of  alumina  and  potash  with  the  corundum. 

By  treating  freshly  precipitated  alumina,  Al3(OH)3,  at  a  tem- 
perature of  300°,  with  water  containing  a  trace  of  ammonium  fluor- 
ide, Bruhms '■  in  1889  obtained  small  hexagonal  crystals  of  corundum 
Avith  ])yramidal  terminations. 

Lacroix  ^  has  shoAvn  that  ])y  the  destruction  of  acid  inclusions  in 
certain  magmas,  as  basalts,  trachytes,  and  andesites,  corundimi,  zircon, 
diaspore,  etc.,  were  produced.  He  states  that  this  may  be  the  origin 
of  the  corundum  and  zircon  in  Haute-Loire. 

Friedel  >'  in  1891  described  experiments  in  which  amorphous  alu- 
mina Avas  heated  in  a  closed  tube  in  a  solution  of  soda  to  a  tempera- 

«  Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  85,  1877,  p.  1029;  Dana,  INIinei-alosy,  1892, 
p.  218. 

''  Fouque  and  Levy,  Synth,  min.  et  roches,  p.  223. 

'■  Fouque  and  Levy,  Synth,  min.  et  roches,  p.  223  ;  and  Comptes  rendus.  Acad.  Sci., 
Paris,  vol.  90,  p.  701. 

'^  Comptes  rendus,  Acad.  Sci.,  Paris,  vol.  95,  1882,  p.  921. 

«  Neues.  Jahrbuch  fiir  Mineral.,  vol.  2,  1889,  p.  62  ;  Am.  Naturalist,  July,  1890,  p.  671. 

f  Bull.  Soc.  frang.  de  mineral.,  vol.  12,  1890,  p.  100. 

•"  Bull.  Soc.  franQ.  de  mineral.,  vol.  14,  1891,  p.  7. 
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ture  of  530°.  In  this  reaction  the  excess  of  ahimina  separated  out  as 
corundum.  When  the  temperature  was  raised  to  400°  only  diaspore 
was  produced,  at  450°  to  500°  both  corundum  and  diaspore  were 
obtained,  and  at  580°  to  535°  only  corundum.  When  the  soda  con- 
tains a  small  amount  of  aluminum  and  calcium  carbonates  small 
crystals  of  calcite  are  obtained  with  the  corundum. 

By  the  action  of  alumina,  with  more  or  less  potash,  and  barium 
fluoride  heated  to  a  very  high  temperature  in  an  earthen  crucible, 
Fremy  «  obtained  in  1891  ruby  corundum  that  w^as  well  crystallized, 
clear,  and  of  a  brilliant  color,  potassium  bicarbonate  having  been 
used  as  a  coloring  matter.  Corundum  '^  has  also  been  produced  by  the 
action  of  aluminum  chloride  on  lime. 

Some  of  the  more  instructive  artificial  productions  of  corundum 
iire  those  which  have  been  obtained  from  molten  magmas  whose 
chemical  composition  was  approximately  that  of  known  rocks.  This 
synthetic  production  of  corundum  has  aided  very  materially  in  solv- 
ing the  problems  relating  to  the  origin  of  corundmn  in  nature. 

Hautefeuille  ^  has  described  the  production  of  corundum  by  dis- 
solving alumina  in  nepheline,  whence  resulted  a  vitreous  paste  from 
which  many  hexagonal  plates  of  corundum  separated. 

Morozewicz  '^  in  his  recent  elaborate  work  on  the  Experimental 
Investigation  of  the  Formation  of  the  Minerals  in  an  Igneous  Magma 
describes  the  formation  of  corundum  from  many  of  the  magmas 
that  were  supersaturated  with  alumina.  The  supersaturated  alumina- 
silicate  magmas  have  the  general  composition  MeOmAloO;{/^SiO. 
(Me=K2,  Nao,  Ca,  but  not  Fe  or  Mg;  n=:2 — 13).  These  magmas 
in  cooling,  when  magnesia  and  iron  are  not  present,  throw  out  all 
their  excess  of  alumina  (over  m=l)  in  the  form  of  corundum  crys- 
tals.    (See  also  p.  89.) 

In  the  crystallization  of  an  anorthite-nepheline  magma  which  did 
not  contain  any  magnesia,  the  principal  products  were  corundum, 
anorthite,  and  nepheline. 

Another  interesting  method  of  producing  corundum  is  in  the  reduc- 
tion of  certain  of  the  rarer  metallic  oxides  by  the  aid  of  powdered 
metallic  aluminum,  corundum  being  one  of  the  products  of  thc^ 
reaction,  which  is  dependent  upon  the  strong  affinity  of  the  aluminum 
for  oxygen.  In  this  reaction  the  metallic  oxides  are  mixed  in  a 
refractory  crucible  with  finely  powdered  aluminum  and  barium 
peroxide,  the  latter  containing  an  excess  of  oxygen  and  being  readily 

"  Synthase  des  Rubis  (Paris),  1891. 
"  Dana.  Mineralogy,  1892,  p.  213. 

'•  Bull.  Soc.  frang.  de  mineral.,  vol.  13,  p.  147  ;    Am.  Naturalist,  Nov.,  1890,  p.  1076. 
"  Tscliermaks   mineral,   und   petrog.   Mittlieil.,   vol.    18,    1898,   pp.    1-90,    105-240 ;     and 
review  of  same  in  Jour,  (ieology,  vol.  7,  1899,  pp.  300-313. 
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ignited.  Barium  peroxide  is  also  added  to  the  top  of  the  mixed 
oxides  and  ahiminum,  and  then  a  little  more  of  the  powdered 
aluminum  is  placed  on  top  of  the  barium  peroxide.  The  barium 
peroxide  is  readily  ignited  by  a  wax  tai)er  or  other  fuse,  and  the 
heat  generated,  together  with  the  excess  of  oxygen,  is  suflicient  to 
ignite  the  powdered  aluminum.  This  at  once  oxidizes,  and  the 
reaction  continues  throughout  the  mixture  in  tlie  crucible,  the  alumi- 
nmn  readily  taking  up  the  oxygen  from  the  metallic  oxides  i)resent 
and  reducing  them  to  pure  metallic  state.  The  heat  generated  by 
the  reaction  leaves  the  mass  in  a  molten  condition,  the  metals  settling 
to  the  bottom  and  the  alumina  separating  out  as  corundum.  Metals 
such  as  chromium,  titanium,  tungsten,  vanadium,  molybdenum,  etc., 
that  it  was  formerly  considered  almost  impossible  to  reduce  to  the 
metallic  state,  can  now  be  obtained  with  comparative  ease  and  at 
small  expense.  The  corundum  obtained  varies  in  color  and  is 
dependent  to  a  certain  extent  upon  the  metallic  oxide  reduced;  thus 
in  the  reduction  of  chromic  oxide  the  resultant  corundum  slag  is 
ruby  red;  of  nickel  oxide,  it  is  blue;  of  titanium  oxide,  it  is  brown; 
and  of  manganese  oxide,  it  is  yellow  to  greenish  yellow. 

Within  the  last  four  years  a  process  has  been  devised  for  manu- 
facturing corundum  out  of  bauxite.  This  method  consists  essentially 
of  subjecting  the  bauxite  to  very  great  heat  in  an  electrical  furnace. 
The  idea  that  bauxite  can  be  changed  into  corundum  by  intense  heat 
is  not  new,  for  in  1801  Prof.  T.  Sterry  Hunt,  of  the  Geological  Survey 
of  Canada,  in  an  article  on  "  The  origin  of  some  magnesium  and 
aluminous  rocks," "'  described  the  occurrence  of  bauxite  at  Baux,  in 
the  south  of  France,  and  stated  that  "  by  an  intense  heat  this  sub- 
stance is  converted  into  crystalline  corundum  resembling  emery  in 
its  physical  character." 

Corundum  is  now  being  made  commercially  from  bauxite  by  the 
I  Norton  Emery  Wheel  Company  at  their  plant  at  Niagara  Falls,  N.  Y. 
!The  principle  of  their  method  is  the  heating  of  bauxite  in  a  specially 
I  constructed  furnace  about  4^  feet  in  diameter,  using  some  of  the 
i  bauxite  itself  as  a  lining  for  the  furnace.  Before  the  bauxite  is  added 
I  to  the  furnace  it  is  thoroughly  heated,  in  order  to  drive  off  not  only 
I  the  moisture,  but  also  the  water  of  composition,  so  that  the  product 
I  actually  added  to  the  furnace  is  a  nearly  anhydrous  aluminum  oxide. 
The  heat  generated  is  sufficient  to  fuse  the  bauxite,  which  recrystallizes 
I  as  corundum.  The  pig  as  it  is  taken  from  the  furnace  has  an  outer 
j  layer  of  nearly  unaltered  bauxite.  A  portion  of  the  corundum  is 
iwell  crystallized  in  hexagonal  plates,  which  are  very  similar  in  form 
to  those  obtained  in  the  reduction  of  the  metallic  oxides,  as  described 
;  above. 

<»  Am.  Jour.  ScL.  2d  ser.,  vol.  32,  1861,  p.  288. 
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ORIGIN  OF  CORUNDUM   IN   IGNEOUS  ROCKS. 

That  there  are  several  modes  of  origin  of  corundum  would  seem 
clear  from  the  various  ways  in  which  it  occurs,  as  shown  in  its  asso- 
ciation with  plutonic  and  metamorphic  rocks,  such  as  granites, 
gneisses,  and  crystalline  schists,  and  with  the  basic  magnesia  rocks, 
v/hich  have  been  described  above.  Alumina  is  now  known  to  be 
soluble  in  many  basic  magmas,  and  as  these  cool  corundum  separates 
out.  Furthermore,  not  only  can  the  manufactured  hydrous  oxide  of 
aluminum  be  converted  into  corundum  by  means  of  heat  and  pressure, 
but  also  the  mineral  bauxite,  the  natural  hydrous  oxide  of  aluminum. 

From  what  has  been  stated  under  the  section  on  modes  of  occur- 
rence of  corundum  it  is  seen  that  there  are  many  widely  separated 
localities  which  contain  rocks  in  which  corundum  is  one  of  the 
essential  constituents  and  not  simpl}^  an  accessory  mineral.  Thus 
there  have  been  described  corundum-syenites  from  India,''  Russia,' 
(janada,^  and  Montana,^'  corundum-pegmatite  from  Russia,''  and  plu- 
masite,  an  oligoclase-corundum  rock,  from  California.'' 

It  is  very  evident,  then,  that  there  are  magmas  that  contain  an 
excess  of  alumina,  just  as  there  are  magmas  with  an  excess  of  silica, 
and  that  the  alumina  separates  out  as  corundum  in  the  same  mannei 
that  silica  separates  as  quartz  in  granitic  rocks. 

The  different  methods  of  formation  of  the  corundum  associated 
with  the  various  rocks  in  the  United  States  are  discussed  in  the  fol- 
lowing paragraphs. 

ORIGIN    OF    CORITNDTTM    IN    PERIDOTITE. 
REVIEW    OF    LITERATITRE. 

Although  many  writers  in  their  papers  on  the  occurrence  of  corun 
dum  and  the  peridotites  mention  what  they  consider  might  be  th( 
probable  origin  of  this  mineral,  they  do  not  take  up  an}^  discussioi 
of  the  problem. 

In  1872,  Mr.  C.  IT.  Shepard,^  in  an  extended  article  on  the  corun 
dum  of  North  Carolina  and  Georgia,  describes  the  occurrences  oi 
corundum  and  chrysolite,  the  associated  minerals,  and  what  he  calh 
the  development  of  the  "  strata,''  which  "  exhibit  the  following  ordei 
of  formations:  (1)  Chrysolitic  rock  somewhat  mixed  with  anthophyl 
lite;  (2)  a  layer  of  micaceous  rock;  (3)  a  seam  of  chalcedony;  (4)  j 

"  Man.  of  Geol.  India,  Economic  Geo!.,  pt.  1,  1898,  and  Mem.  Geol.  Survey  India,  vol 
30,  pt.  3,  1901. 

"  Experimentelle  Untersnchunsen  iiber  die  Bildung  der  Minerale  im  Magmas:  Tscher 
malis  mineral,  und  petrog.  Mittheil.,  1898,  pp.  1-90,  105-240. 

<'  Rept.  Bureau  of  Mines,  vol.  8,  1899,  pt.  2,  p.  207. 

<^  See  p.  48. 

«  Bull.  Dept.  Geol.,  Univ.  California,  vol.  5,  No.  8,  pp.  219-229. 

f  Am.  ,Tour.  Sci.,  3d  ser.,  vol.  4,  pp.  109-114,  175-177,  1872. 
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stratum  of  chloritic  rock  (ripidolite)  ;  (5)  tlio  same,  through  which 
the  corundum  is  reguhirly  diffused,  sometimes  in  narrow  veins  or 
widening  out  to  several  feet."  Nowhere  in  this  article  does  he  suggest 
tlie  probable  origin  of  the  corundum. 

Mr.  J.  LaAvrence  Smith,"  in  describing  tlie  occurrence  of  corundum 
nssociated  with  the  peridotites  of  North  Carolina  and  Georgia,  spealvs 
of  all  the  localities  of  corundum  that  he  has  observed  or  examined  as 
exhibiting  certain  prominent  characteristics  conunon  to  all,  but  with 
each  locality  haAnng  its  own  peculiar  characteristics.  He  says  that  in 
all  cases,  hoAvever,  the  masses  of  corundum  give  evidence  of  having 
been  formed  by  a  process  of  segregation,  Avhich  he  has  described  in  a 
memoir  ^  on  the  Asia  ]\[inor  emery,  and  that  by  the  exercise  of  homo- 
geneous and  chemical  attractions  the  minerals  which  constitute  and 
are  associated  with  emery  Avere  separated  out  from  the  calcareous 
rock  before  it  consolidated. 

Dr.  F.  A.  Genth,^  although  not  touching  directly  on  the  origin  of 
corundum  or  giving  any  evidence  to  sustain  his  statement,  says  that 
at  the  great  period  Avhen  the  chromiferous  chrysolite  beds  Avere 
deposited  a  large  quantity  of  alumina  Avas  separated,  Avhich  formed 
beds  of  corundum ;  "  that  the  corundum  Avas  subsequently  acted  upon 
and  altered  and  changed  into  various  minerals;  that  the  ^'veins'' 
of  chlorite,  etc.,  are  alterations  of  the  original  mass  of  corundum; 
and  that  the  corundum  might  be  found  .in  a  less  "altered  or  wholly 
unaltered  condition  Avlien  the  vein  Avas  explored  below  the  action  of 
surface  influences.  In  speaking  of  the  corundum  crystals  embedded  in 
!the  chlorite.  Doctor  Genth  says  the  crystals  "  appear  to  have  formed 
iifter  a  great  portion  of  the  original  corundum  has  changed  into 
^hlorite,  as  if  there  had  been  an  excess  of  alumina  ready  for  combina- 
tion, Avhich,  not  finding  a  supply  of  the  requisite  amount  of  silicic 
^icid  and  bases,  had  again  crystallized  as  corundimi." 
i  In  an  article  on  corundum  and  its  associated  rocks  Mr.  C.  D. 
Smith  '^  points  out.  but  does  not  discuss,  the  facts  that  led  to  his 
belief  in  the  igneous  origin  of  the  peridotites.  He  calls  attention 
to  the  occurrence  of  corundum  chiefly  in  chlorite  veins  and  says: 
•'  The  chlorite  seems  to  have  been  first  crystallized ;  and  then  the 
alumina,  of  Avhich  the  corundum  is  composed,  was  evidently  in  a 
state  of  solution  and  must  have  permeated  the  chlorite  either  in 
thermal  Avaters  or  steam."  The  onh^  points  given  to  sustain  this 
theory  are  that  plates  or  scales  are  sometimes  inclosed  in  the  corun- 
dum and  that  corundum  has  been  observed  that  conforms  in  its  faces 
and  general  shapes  to  the  chlorite  that  is  present.     The  other  points 

«Am.  Jour.  Sci.,  3d  ser.,  vol.  6,  pp.  180-186,  1873. 
f  Idem,  2d  ser.,  vol.  10,  p.  354,  1850. 

'^  Proc.  Am.  Philos.  See,  vol.  13,  pp.  3(51-406,  1873  ;  Am,  Jour.  Sci.,  3d  ser.,  vol.  6,  pp. 
461-462.  1873  (review). 
■^  Rept.  Geol.  Survey  North  Carolina,  vol.  1,  1875,  p.  91. 
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bearing  on  the  origin  of  the  corundum  that  he  undoubtedly  had  ii 
mind  he  does  not  mention  in  his  article.  Doctor  Smith  also  state 
that  he  found  "  chrysolite  attached  as  an  enveloping  matter  to  con 
siderable  masses  of  corundum."  He  makes,  however,  apparently  iv 
further  mention  of  this  occurrence  in  any  of  his  writings. 

In  a  description  of  the  "  Jenks  corundum  mine "  Mr.  Ii.  A^' 
Raymond  ^  calls  attention  to  the  occurrence  of  transparent  nodule 
of  corundum  in  a  matrix  of  the  same  material,  and  also  of  the  grea 
variation  in  the  appearance  of  the  corundum  from  the  differen 
veins.  One  of  the  veins  has  produced  more  of  the  gem  materia 
while  it  contains  but  few  large  masses  of  the  corundum. 

Mr.  A.  A.  Julien,  in  a  paper  published  in  1882,^  considers  the  corun 
dum  in  all  cases  a  secondary  or  alteration  product,  and  explains  al 
the  phenomena  of  alteration  in  the  veins  by  the  introduction  of 
solution  of  soda  and  alumina  into  the  fissures  during  the  period  o 
alteration  and  metamorphism,  believing  at  the  time  that  the  peri 
dotite  Avas  of  sedimentary  origin. 

In  an  article  commenting  on  Julien 's  theory  regarding  the  origi 
of  the  peridotites,  Wadsworth,^  in  speaking  of  the  corundum,  say 
that  it  is  looked  upon  as  a  secondary  mineral,  and  not,  as  Genth  helc 
as  the  primary  material  from  which  many  minerals  originated. 

Mr.  T.  M.  Chatard  '^  made  a  very  careful  chemical  study  of  tli 
material  collected  across  the  contact  between  the  gneiss  and  tli 
peridotite  at  Corundum  Hill.  He  points  out  as  a  result  of  his  chen; 
ical  analyses  that,  starting  from  the  gneiss,  there  is  a  progressiv 
increase  of  magnesia  in  the  vein  material  as  the  peridotite  i 
approached,  and  that  there  is  an  approximate  decrease  in  the  pei 
centage  of  alumina.  According  to  these  analj^ses  the  series  from  tli 
section  across  the  vein  are  divided  into  three  groups — aluminui 
silicates,  aluminum-magnesium  silicates,  and  magnesium  silicate; 
The  middle  term  of  this  chemical  series  is  also  the  middle  numbc 
of  the  field  series.  He  regards  the  corundum  as  an  accessory  minera 
frequently  not  being  found  at  all  in  the  vein  and  sometimes  in  bii 
small  quantity,  and  therefore  to  be  considered  as  the  result  of 
certain  balance  between  the  magnesium  and  the  aluminum  silicate 
which  have  by  their  union  produced  the  chlorite  and  the  vermiculite 

In  describing  the  occurrence  of  corundmn  in  Chester  County,  Pa 
Mr.  J.  P.  Lesley  ^  says  that  it  seems  difficult  to  imagine  its  excessi^ 
compact  hardness  as  produced  in  any  other  way  than  by  heat. 

"  Trans.  Am.  Inst.  Min.  Engs.,  vol.  7,  1879,  89. 

"Proc.  Boston  Soc.   Nat.   Hist,  vol.   2,   1882,  p.   141-149. 

'■  Science,  vol.  .3,  1884,  p.  486. 

"  Bull.  U.  S.  Geol.  Survey  No.  42,  1887,  pp.  45-6.3. 

«  Geol.  Survey  Pennsylvania,  C4,  p.  352,  1883. 
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The  report «  of  Mr.  J.  X.  Lewis  on  ^'  Coninduiu  and  the  basic  mag- 
nesian  rock  in  North  Carolina  "  is  mainly  a  report  of  field  observa- 
tions and  does  not  take  up  any  discussion  of  facts  bearing  on  the 
origin  of  the  corundum,  though  many  points  of  interest  and  impor 
tance  are  brought  out  regarding  the  alterations  of  the  peridotite  and 
of  the  character  of  the  vein  and  vein  materials,  and  also  concerning 
the  alteration  of  corundum. 

Mr.  F.  P.  King,^  in  his  report  on  the  corundum  deposits  of  Georgia, 
which  is  principally  devoted  to  the  description  of  localities,  occur- 
rences, and  varieties  of  corundum,  etc.,  comes  to  the  conclusion  that 
corundum  is  an  accessory  mineral  and  that  its  presence  is  occasioned 
by  an  excess  of  alumina  present  in  the  rock  masses,  "chrysolite, 
gneiss,  and  hornblende-gneiss."  This  is  explained  by  the  alteration 
of  these  rocks  into  magnesium  silicates,  alkaline  salts,  and  ferro- 
silicates,  which,  in  conjunction  with  the  carbonic  acid  of  percolating 
waters,  would  dissolve  the  combined  alumina  and  produce  on  crystal- 
lization all  the  minerals  associated  with  corundum,  and  when  the 
alumina  is  in  excess  would  produce  corundum  itself. 

As  has  been  shown,  a  number  of  theories  concerning  the  origin  of 
tlie  corundum  have  been  advanced.  With  one  exception,  liowever. 
they  were  all  prior  to  the  numerous  and  elaborate  experiments  that 
have  been  made  by  different  investigators  on  the  solubility  of  alumin 
in  a  molten  basic  glass  and  the  separating  out  of  corundum 
spinel  crystals  from  this  molten  glass  on  cooling.  They  were  also 
prior  to  Vogt's  ^  very  important  investigations  into  the  igneous  origin 
of  certain  ore  deposits.  All  these  experiments  have  aided  very  mate- 
rially in  solving  the  numerous  problems  in  relation  to  the  origin  of 
many  of  the  ores;  and  in  the  present  investigation  the  facts  proved 
by  these  experiments  have  been  of  exceptional  assistance  in  the  com- 
piling of  evidence  to  substantiate  the  theory  proposed. 
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RELATIONS    OF    CORUNDUM    TO    PERIDOTITE. 


In  all  the  field  observations  a  careful  search  was  made  to  find  the 
I  corundum  directly  in  contact  with  the  peridotite,  and  this  contact  was 
I  observed  at  one  locality.     At  the  Egypt  mine,  on  the  western  slopes 
j  of  Sampson  Mountain,  about  10  miles  west  of  Burnsville,  in  Yancey 
County,  N.  C,  several  specimens  have  been  found  Avith  the  corundum 
crystals  entirely  surrounded  by  granular  peridotite    (dunite),   and 
without  any  of  the  chloritic  minerals  usually  present  Avith  the  corun- 
dum.    (See  fig.  8,  p.  33.)      Both  the  peridotite  and  the  corundum 
I  have   altered   someAvhat,    the    corundum   having   a    little   muscovite 
dcA^eloped  on  its  basal  termination,  while  the  peridotite  is  stained 
a  yelloAvish  broAvn  and  is  rather  friable.     The  specimens  that  w^ere 

"  Geol.  Survey  North  CaroUna,  Bulletin  No.  11  ;  see  also  Bulletin  No.  19. 

*  Geol.  Survey  Georgia,  Bulletin  2. 

"  Zeitschr.  fur  prakt.  Geol.,  Nos.  1,  4,  and  7,  1893. 
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examined  were  collected  by  Mr.  U.  S.  Hayes,  who  was  prospecting 
in  the  vicinity  of  the  mine,  and  w^ere  loaned  to  the  author  by  Mr. 
J.  V.  Lewis,^  who  has  described  this  occurrence.  There  Avas  no  min- 
ing being  done  when  this  locality  was  visited  by  the  writer,  but 
miners  living  in  the  vicinity,  who  have  worked  in  the  mine,  report 
the  finding  of  many  fragments  of  corundum  in  the  peridotite  similar 
to  the  one  here  figured. 

Although  this  is  the  only  locality  Avliere  the  corundum  has  been 
found  directly  in  peridotite,  it  has  been  observed  in  serpentine,  which 
is  the  commonest  alteration  product  of  the  dunite  variety  of  perido- 
tite. At  the  Cullakeenee  mine.  Buck  Creek,  Clay  County,  N.  C, 
corundum  was  found  that  was  bordered  with  serpentine.  Some  of 
the  specimens  observed  show  the  small  particles  of  corundum  either 
entirely  or  partially  surrounded  by  serpentine  and  the  Avhole  mass  of 
corundum  and  serpentine  surrounded  by  clinochlore.  In  another 
specimen  a  streak  of  corundum  about  an  inch  wide  lies  between  two 
zones  of  serpentine  from  a  quarter  to  three-quarters  of  an  inch  Avide, 
and  these  in  turn  are  bordered  by  a  talcose  and  enstatite  rock. 

Crystallized  corundum  has  been  observed  Avhere  the  crystals,  one 
end  of  which  merges  into  the  massive  corundum,  project  out  beyond 
the  mass,  and  these  projecting  portions  are  often  partly  or  entirely 
surrounded  by  chlorite;  in  other  cases  separate  corundum  crystals  are 
embedded  in  the  chlorite.  The  best  crystals  of  corundum  haA^e  been 
found  at  Corundum  Hill,  Macon  County,  N.  C.,  where  they  occur  in 
the  conditions  just  mentioned. 

Many  of  the  crystals,  especially  those  free  from  alteration  and  de- 
composition, or  those  only  slightly  altered,  are  usually  Avell  developed, 
with  smooth,  even  faces  and  sharp  edges. 

In  a  number  of  the  mines  corundum  is  found  in  contact  AA'ith  and 
surrounded  by  spinel.  At  the  Carter  mine,  near  Democrat.  Bun- 
combe County,  N.  C.,  the  corundum  is  found  in  masses  of  white  and 
pink  color,  intergroAvn  with  a  greenish-bh\ck  massive  spinel.  In  thin 
splinters  the  spinel  is  of  a  very  handsome  emerald-green  color.  The 
masses  of  the  corundum  and  spinel  are  partially  surrounded  by  a 
deep-green  chlorite,  Avhich  latter  has  also  in  places  been  dcA^eloped  in 
small  greenish  scales  betAveen  the  corundum  and  spinel,  though  the 
contact  of  the  spinel  and  the  corundum  is  usually  sharp  and  distinct, 
fehoAving  no  sign  of  alteration.  The  presence  of  minute  scales  of 
greenish  chlorite  is  still  more  rare  in  the  corundum  and  spinel 
near  the  junction  of  these  minerals  Avith  the  external  mass  of  the 
chlorite.  All  the  massive  corundum  shows  the  characteristic  part- 
ing lines,  and  the  spinel  shows  distinctly  the  conchoidal  fracture. 

«  (Seol.  Survey  N.  C,  Bull.  No.  11,  1896,  p.  60. 
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A  massive,  coarsely  to  finely  granular  spinel  is  found  at  the  Corun- 
dum Hill  mine,  Macon  County,  N.  C,  having-  disseminated  through 
it  small  grains  and  fragments  of  pink  and  white  corundum.  The 
spinel  and  the  corundum  are  closely  associated  with  chlorite,  which 
is  here  more  generally  developed  between  the  corundum  and  the  spinel 
and  in  the  spinel  (between  the  granules)  than  it  was  at  the  Carter 
mine.  The  spinel  in  the  mass  appears  black,  but  in  small  splinters  it 
shoAvs  a  green  color. 

The  corundum  is  found  m  the  peridotite  in  two  different  relations, 
one  in  the  zone  of  alteration  products  developed  at  the  contact  of  the 
peridotite  and  the  gneiss,  and  the  other  in  a  similar  zone  of  altera- 
tion products,  bounded  on  both  sides  by  the  peridotite. 

The  line  of  contact  between  the  zone  of  alteration  products  and 
the  gneiss  was  very  sharp  and  distinct  in  all  the  border  veins  exam- 
ined. The  minerals  developed  betw^een  the  corundum-bearing  zone 
and  the  peridotite  are  of  great  abundance  and  different  from  those 
between  this  zone  and  the  gneiss.  In  the  veins  that  are  entirely 
within  the  mass  of  the  peridotite,  the  zones  of  alteration  products 
are  the  same  on  each  side  of  the  seam  of  corundum  and  similar  to 
those  on  the  peridotite  side  of  a  border  vein.  These  phenomena  are 
described  and  illustrated  on  pages  28-33. 

The  appearance  and  character  of  the  veins  vary  according  as  they 
are  border  veins  or  interior  veins.  In  an  interior  vein  the  approxi- 
mate trend  of  the  vein  is  toward  the  center  of  the  mass  of  peridotite. 
As  these  veins  penetrate  the  mass  they  usually  grow  less  and  less  in 
width  until  they  pinch  out.  This  is  especially  a  prominent  feature 
at  Buck  Creek,  Clay  County,  N.  C,  and  at  Laurel  Creek,  Rabun 
County,  Ga. 

In  a  border  vein,  however,  the  corundum  seems  to  extend  down- 
ward indefinitely  along  the  line  of  contact.  Supplementary  veins 
are  often  encountered  branching  off  from  a  border  vein  toward  the 
center  of  the  peridotite,  and  these,  like  the  true  interior  veins,  grow 
less  and  less  in  width  until  they  pinch  out  entirely.  This  variation 
in  the  occurrence  of  the  corundum  m  the  difl'erent  veins  has  been 
observed  by  many  of  those  who  have  prospected  for  and  mined  corun- 
dum in  this  region. 

thp:ory  of  origin  in  peridotite. 

The  theory  advanced  in  this  paper  is  that  the  corundum  was  held 
in  solution  in  the  molten  mass  of  the  peridotite  when  it  Avas  intruded 
into  the  country  rock  and  that  it  sei)a rated  out  among  the  first  min- 
erals as  the  mass  began  to  cool. 

The  peridotite  magma  hokling  in  sohition  the  chemical  elements 
of  the  different  minerals  would  be  like  a  saturated  liquid,  and  as  it 
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began  to  cool  the  minerals  would  crystallize  out,  not  according  to 
their  infusibility,  but  according  to  their  solubility  in  the  molten 
magma.  The  more  basic  portions,  according  to  the  general  law  of 
cooling  and  crystallizing  magmas,  being  the  most  insoluble,  would 
therefore  be  the  first  to  separate  out.  These  would  be  the  oxides  con- 
taining no  silica,  which  in  the  present  case  would  be  chrome  spinel 
and  corundum. 

Morozewicz"  has  shown  by  some  very  important  experiments  that 
molten  glass  of  a  character  similar  to  the  basic  magnesian  rocks  would 
dissolve  alumina  readily,  and  as  this  molten  mass  began  to  cool 
corundum  and  spinel  Avere  the  first  minerals  to  separate  out.  Accord- 
ing to  this,  the  corundum  and  spinel  w^ould  be  the  first  to  crystallize 
or  solidify  out  from  the  molten  mass  of  the  peridotite  as  this  began 
to  cool,  and  this  crystallization  Avould  take  place  first  on  the  outer 
border  of  the  mass,  because  here  it  would  cool  first.  Convection  cur- 
rents would  then  tend  to  bring  a  new  supply  of  material  carrying 
alumina  into  this  outer  zone,  and  when  this  was  reached  crystalli- 
zation Avould  take  place  and  the  alumina  would  be  deposited  as- 
corundum. 

This  is  essentially  the  idea  advanced  by  Becker  ^  in  a  paper  on 
fractional  crystallization  of  rocks,  and  where  this  process  has  taken 
place  in  dikes  and  laccolites  a  concentration  is  observed  of  the  earlier 
and  more  basic  minerals  at  their  outer  boundary. 

The  more  basic  the  magma  the  more  fluid  it  is  apt  to  be,  and  the 
more  tendency  there  is  for  this  process  to  take  place,  as  is  shown  by 
many  well-knoAvn  instances  of  the  separation  of  ilmenite,  pyrrhotite, 
etc.,  from  gabbro  magmas,  as  described  by  Vogt,^*  Adams,^'  and  others. 

Fig.  12  is  a  diagrammatic  vertical  cross  section  of  the  writer's  idea 
of  the  appearance  of  a  mass  of  peridotite  soon  after  its  intrusion  into 
a  gneiss,  the  peridotite  holding  a  large  amount  of  alumina  in  solu- 
tion, Avhich  afterwards  separated  out  as  corundum.  In  this  figure  the 
corundum  zone  has  been  greatly  exaggerated  in  order  to  better  illus- 
trate the  cross  section.  The  corundum  would  be  concentrated  toward 
the  borders  of  the  peridotite,  and  would  make  a  sharp  and  nearly 
regular  contact  with  the  gneiss.  With  the  peridotite,  however,  the 
contact  would  sometimes  be  sharp  and  regular;  at  other  times  therc^ 
Mould  be  an  irregular  line  of  contact  and  masses  of  the  corundum 
would  penetrate  into  the  peridotite. 

The  rapid  erosion  to  Avhich  the  rocks  in  this  mountain  region  have 
been  subjected  would  readily  Avear  them  doAvn  to  their  present  condi- 
tion, represented  by  tlie  dotted  lines  in  fig.  1'2. 

"  Zeltschr.  fiir  Krystall.,  vol.  24,  1895,  p.  281.  ' 
"Am.  .Tour.  Sci.,  4th  ser.,  vol.  4,  1897,  p.  259. 
'    Zeitschr.  fiir  prak.  Geol.,  Nos.  1,  4.  and  7.  189:;. 

<<  Paper  read  before  the  Gen.  Min.  Assoc,  of  the  I'rov.  of  Quebec,  Montreal,  .Tan.  12, 
1894. 
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The  interior  veins,  I,  II,  and  III,  in  fig.  12,  which  at  the  present 
time  have  no  connection  with  each  other,  but  are  each  separate  and 
distinct,  w^ere  at  the  time  of  their  formation  part  of  the  corundum 
concentrated  along  the  border  of  the  peridotite.  Some  of  these  veins 
would  soon  be  worked  out,  wliile  otliers  might  be  explored  for  a  Inm- 
dred  feet  or  more  without  any  apj)arent  change  in  their  width. 

This  explanation  will  account  for  jdl  the  variations  in  the  occur- 
rence of  the  corundum  in  the  ditferent  veins. 

The  corundum  crystallizing  out  from  the  molten  peridotite,  which 
Avould  be  a   very  basic  nuignia.  Would  be  conceutrated  toward   the 
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Fig.  12. — Ideal  vertical  cross  section  of  mass  of  peridotite  soon  after  its  intrusion  into 

gneiss. 


margins;  and  though  in  many  cases  there  Avoukl  be  a  sharp  separation 
(at  the  time  of  formation)  between  the  corundum  and  the  peridotite, 
in  others  there  would  be  more  or  less  corundum,  in  the  form  of  masses 
and  particles,  that  would  extend  beyond  the  main  masses  into  the  peri- 
dotite and  thus  give  the  appearance  of  a  somewhat  gradual  passage 
from  corundum  to  the  pure  ])eridotite,  as  illustrated  in  hg.  Kl 

The  varying  pressure,  temperature,  and  other  physical  conditions 
during  and  after  intrusion  would  ail'ect  the  crystallizing  and  the 
separating  out  of  the  mineral  fi-oui  the  molten  mass,  and  this  will 
explain  the  great  variation  obscrN'ed  in  the  corundum  fouud  in  the 
same  mass  of  peridotite.     Thus,  at  Corundum  Ilill,  North  Carolina, 
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there  occur  masses  of  block  corundum,  large  rough  crystals,  small, 
well-developed  crystals,  and  particles  or  grains  of  corundum. 

The  differentiation  of  the  basic  peridotite  magma,  upon  cooling,  is 
similar  to  what  Vogt "  and  Adams  ^  have  described  in  the  case  of  the 
separation  of  sulphide  deposits  from  a  molten  gabbro  magma.     The 
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Fig.  13. — Ideal  vertical  cross  section  showing  a  somewhat  gradual  transition  from  coruu 

dum  to  peridotite. 

segregation  or  concentration  of  these  ores  is  usually  near  the  contact 
of  the  gabbro  with  the  gneiss  and  is  ahvays  sharply  separated  from 
the  gneiss.  AVhile  there  is  sometimes  a  distinct  line  of  sej^aration 
between  the  ore  and  the  gabbro,  at  others  there  is  a  gradual  transition 
from  the  ore  to  the   pure  gabbro.     It  might  be  expected  tliat   the 


"  Zeitschr.  fiir  prak.  Geol.,  Nos.  1,  4,  and  7,  1893. 

"On  the  Igneous  Origin  of  Certain  Ore  Deposits;  read  before  the  Gen.  Min.  Asso.  of  the 
I'rov.  of  Quebec,  Montreal,  Jan.  12,  1894. 
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corundum  would  bo  found  surrounded  hy  the  peridotite,  but,  as  was 
stated  on  page  80.  there  is  but  one  locality  known  to  the  author  where 
the  corundum  is  found  thus  directly  surrounded.  Tlie  absence  of  any 
general  occurrence  of  the  corundum  in  peridotite  is  readily  explained 
by  the  ease  with  which  the  peridotites  themselves  sufl'er  decompo- 
sition. 

The  corundum  concentrated  in  the  peridotite  near  its  contact  with 
the  gneiss,  where  the  thermal  waters  coming  in  contact  with  the  heated 
masses  would  have  the  best  chance  to  act,  would  furnish  ahnnina 
for  reacting  with  the  magnesian  minerals  to  form  the  aluminum- 
magnesium  silicates  found  surrounding  the  corundum.  That  the 
peridotites  decompose  very  readily  is  apparent  from  the  numerous 
specimens  of  these  rocks  found  completely  surrounded  by  foreign 
material  that  must  have  been  formed  at  their  expense.  The  corundum 
lias  been  found  in  serpentine,  l)ut  this  is  often  surrounded  by  chlorite. 

The  descriptions  of  the  cross  sections  of  the  corundum  veins,  given 
on  pages  30-32,  are  similar  to  those  described  by  Shepard,"  Chatard,'' 
and  Lewis,^  and  show  practically  the  same  sequence. 

As  the  peridotite  and  the  corundum  began  to  alter  and  decompose 
under  the  influence  of  atmospheric  agencies  and  thermal  solutions, 
there  would  be  formed  a  series  of  decomposition  minerals  on  the 
peridotite  side  of  tlie  vein  and  onl}^  a  few  on  the  gneiss  side.  The 
decomposed  material  that  would  be  found  on  the  gneiss  side  of  the 
vein  would  vary  according  to  the  amount  of  the  peridotite  that  had 
been  held  between  the  cornndum  and  the  gneiss  (fig.  13).  The  com- 
mon decomposition  product  surrounding  the  corundum  is  chlorite 
(clinochlore)  or  a  further  alteration  of  the  mineral  to  vermiculite. 

Between  the  corundum  embedded  in  chlorite  and  the  gneiss  there 
is  often  very  little  and  at  times  no  chlorite  or  vermiculite  developed, 
the  corundum-bearing  porticm  of  the  zone  being  apparently  in  direct 
contact  with  the  gneiss  {h  of  cross  section,  fig.  (>,  p.  31). 

In  the  interior  veins  the  alteration  ])roducts  developed  are  the 
same  on  both  sides  of  the  corundum-bearing  zone  and  are  in  most 
cases  nearly  an  exact  reproduction  of  the  peridotite  side  of  a  cross 
section  of  a  border  vein  (figs.  (>  and  7).  This  demonstrates  that  the 
gneiss  had  little  or  no  influence  in  the  formation  of  the  alteration 
products  of  the  border  veins. 

The  analysesof  Chatard,'' which  show  the  chemical  ciiara(;ter  of  the 
vein  to  increase  in  magnesia  and  decrease  in  alumina  as  the  peridotite 
is  approached,  are  in  accord  with  the  present  (lieory  regarding  the 
formation  of  the  alteration  products. 


"  Am.  Jour.  Sci.,  ;M  ser.,  vol.  4.  1872,  p.  111. 

"BuU.  No.  42,  U.  S.  Oeol.  Survey,  1887,  p.  41). 

<•  Bull.  No.  11,  (Jeol.  Survey  North  Carolina,  18J>G,  p.  93. 
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The  penetration  of  molten  material  carrying  corundum  into  the 
gneiss  during  the  differentiation  of  the  molten  peridotite  would 
explain  the  occurrence  of  any  corundum  found  in  the  gneiss  adjoin- 
ing a  border  vein.  There  is  a  similar  occurrence  of  the  sulphides 
penetrating  into  the  gneiss  during  the  cooling  and  differentiation  of  a 
molten  gabbro,  which  is  well  illustrated  in  Vogt's«  article  and  has 
been  rei:)roduced  by  Adams.^ 

SUMMARY. 

This  theory  of  the  igneous  origin  of  the  corundum  associated  with 
the  peridotites  is  in  accord  with  the  field  observations  and  laboratory 
experiments  of  Morozewicz  ^  and  Logorio  '^  on  the  solubility  of  alu- 
mina in  a  molten  basic  glass,  and  the  separating  out  of  the  corun- 
dum and  spinel  as  the  first  minerals  when  the  glass  began  to  cool  also 
gives  strong  support  to  the  igneous  theory  of  the  origin  of  the 
corundum  here  advanced. 

Thus  both  the  facts  observed  in  the  field  and  those  obtained  in  the 
laboratory  point  to  the  same  conclusion  regarding  the  origin  of  the 
corundum  associated  with  the  peridotite  rocks. 

At  Pelham,  Mass.,  and  at  Bad  Creek,  Sapphire,  N.  C,  where  the 
corundum  is  found  in  a  zone  of  biotite  between  the  harzburgite  (sax- 
onite)  and  the  gneiss,  it  is  undoubtedly  the  result  of  contact  meta- 
morphism  of  the  igneous  rocks  on  the  gneiss. 

At  a  number  of  the  corundum  veins  in  these  peridotite  rocks,  feld- 
spar, which  is  undoubtedly  one  of  the  original  minerals  of  the  rock 
and  not  a  secondary  product,  is  found  associated  wdth  the  corundum. 
There  is  a  marked  difference  noticed  in  the  associated  minerals  when 
the  feldspar  is  present;  chlorite  is  not  thoroughly  developed,  and  en- 
statite  is  not  so  common,  Avhile  margarite  is  quite  abundant  and  zoisite 
is  not  uncommon.  These  last  two  minerals  are  rarely  met  with  at 
tho  corundum  veins  Avhich  are  free  from  feldspar. 

The  separation  of  alumina  from  these  peridotite  magmas  has  given 
rise  to  some  interesting  problems '  bearing  directly  upon  the  occur- 
rence of  the  associated  minerals  spinel,  chromite,  and  feldspar  in  a 
corundum  vein. 

At  the  various  peridotite  localities  in  North  Carolina  and  Georgia 
the  following  phenomena  have  been  observed : 

1.  Peridotite  rocks  containing  small  particles  and  grains  of  chro- 
mite, but  no  corundum  or  spinel. 

2.  Peridotite  rocks  containing  deposits  of  chromite   (which  upon 

«  Zeitschr.  fur  prakt.  Geol.,  Nos.  1,  4,  and  7,  1893. 

"Am.  Jour.  Sci.,  4th  ser.,  vol.  4,  1897,  p.  422. 

'■  Loc.  cit. 

"Zeitschr.  fiir  Krystall.,  vol.  24,  1895,  p.  285. 

*  Pratt,  J.  H.,  Am.  Jour.  Sci.,  4th  ser.,  vol.  8,  1898,  p.  227. 
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analysis  showed  a  variable  per  cent  of  alumina  and  magnesia),  but 
no  corundum  or  spinel. 

3.  Peridotite  rocks  containing  chromite,  corundum,  and  spinel. 

4.  Peridotite  rocks  containing  chromite  and  corundum,  but  no 
spinel. 

5.  Peridotite  rocks  containing  corundum  and  feldspar. 

A  brief  review  of  these  phenomena  in  the  order  stated  gives  the 
following  conclusions : 

1  and  2.  Of  the  analyses  of  the  chromites  that  have  come  under  the 
writer's  notice,  all  but  two  show  the  presence  of  alumina  and  mag- 
nesia in  varying  quantities.  In  some  of  them  the  percentage  of  alu- 
mina and  magnesia  is  very  large,  and  whereas  in  the  ordinary  chromite 
the  formula  may  be  represented  by  9(FeO,Cr20.5),  (MgO,Cr20;,), 
2(MgO,Alo03),  at  one  locality  near  Webster,  Jackson  County,  N.  C., 
a  chromite  (mitchellite)  was  found  which  had  the  formula 
(FeO,Cr,03),  (MgO,Cr203),  2(MgO,AL,03).  Thus,  when  there  is 
considerable  chromite  found  in  these  rocks  there  is  usually  no  corun- 
dum, or  at  most  but  a  trace  of  corundum  present ;  and  from  what  has 
been  said  above  regarding  the  analyses  of  chromite,  it  would  seem  to 
be  the  case  that  when  there  is  but  little  alumina  and  only  a  small 
excess  of  magnesia  in  peridotite  magmas  which  contain  considerable 
chromic  oxide  they  unite  to  form  the  spinel  molecule,  and  that  this 
molecule,  instead  of  separating  out  independently  as  the  mineral 
spinel,  enters  into  combination  with  the  FeO,CroO:{  molecule  in  the 
mineral  chromite. 

3.  At  a  few  of  the  peridotite  localities  both  corundum  and  spinel 
have  been  found,  as  at  the  Corundum  Hill  mine,  Macon  County,  N.  C., 
where  a  fine-grained,  almost  black  spinel  occurs,  through  which  are 
scattered  particles  and  masses  of  corundum ;  and  at  the  Carter  mine, 
near  Democrat,  N.  C.,  where  there  is  a  great  abundance  of  corundum 
and  a  green-black  spinel.  In  peridotite  magmas  of  this  type  it  would 
seem  that  there  has  been  an  excess  of  magnesia  present,  which  has 
united  with  a  portion  of  the  alumina  present  to  form  the  molecule 
MgO,AL03,  which  separated  out  as  spinel.  The  remaining  portion 
of  the  alumina  formed  corundum.  Undoubtedly  there  is  a  strong 
affinity  between  magnesia  and  alumina,  which  tends  to  form  the 
spinel  molecule;  but  in  these  peridotite  magmas  it  is  only  the  excess 
of  magnesia  over  that  required  for  the  normal  magnesian  silicates  that 
has  united  with  the  alumina.  Except  alteration  products,  there  are 
no  alumina-magnesia  silicates  found  in  these  rocks,  which  shows  that 
in  magmas  of  this  type  there  is  no  tendency  for  the  alumina  to  unite 
with  the  magnesia  in  forming  double  silicates. 

4.  At  most  of  the  peridotite  localities  there  has  been  no  spinel  at  all 
observed,  but  there  is  often  a  considerable  quantity  of  corundum 
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found.  The  chroniite  at  all  these  localities  shows  the  presence  of  a 
certain  percentage  of  alumina  and  magnesia.  Thus  the  small  excess 
of  magnesia  unites  with  a  definite  amount  of  the  alumina,  but  instead 
of  separating  out  as  spinel  it  separates  out  in  the  chromatic  molecule, 
as  previously  mentioned.  The  greater  part  of  the  alumina  separates 
out  as  corundum. 

5.  In  a  number  of  these  peridotite  formations  feldspar  has  been 
found,  which  is  undoubtedly  one  of  the  original  minerals  of  the  rock 
and  not  a  secondary  product.  At  the  Cullakeenee  mine.  Buck  Creek, 
Clay  County,  N.  C.,  there  is  at  one  of  the  border  corundum  veins  a 
large  amount  of  feldspar  and  hornblende  which  have  separated  out 
with  the  corundum.  Again,  at  the  Bad  Creek  mine.  Sapphire,  Jackson 
County,  the  corundum  is  found  associated  with  feldspar  and  biotite 
mica.  In  both  places  they  are  lime-soda  feldspar,  and  this  occurrence 
of  feldspar  and  corundum  in  a  peridotite  rock  indicates  that  the  molten 
magma  contained  some  of  the  alkali  and  alkali-earth  oxides,  as  NaJ), 
K^O,  and  CaO ;  that  a  portion  of  the  alumina  united  in  the  formation 
of  the  feldspar  molecule,  and  that  the  rest  of  it  separated  out  as 
corundum — these  minerals  separating  out  from  the  still  molten 
magnesian  magma.  In  a  magma  of  this  type  there  is  present  a  large 
amount  of  magnesia,  which  forms  the  magnesian  silicates,  but 
apparently  has  no  tendency  to  unite  with  the  alumina  to  form  the 
spinel  molecule;  but,  on  the  other  hand,  the  small  amount  of  the 
alkalies  and  alkali-earth  oxides  do  unite  with  a  definite  amount  of  the 
alumina  to  form  the  feldspar  molecule.  This,  again,  would  seem  to 
indicate  that  in  the  presence  of  a  certain  amount  of  the  alkali  and 
alkali-earth  oxides  and  silica,  provided  there  is  enough  silica  present 
to  unite  with  both  these  oxides  and  the  magnesia,  there  is  no  tendency 
for  the  magnesia  to  unite  with  the  alumina  to  form  any  type  of  mag- 
nesia-alumina minerals.  That  the  feldspar  in  these  peridotites  is  a 
contemporaneous  mineral  with  the  corundum  and  not  due  to  its 
alteration  is  clearly  demonstrated  by  the  examination  of  thin  sections 
of  the  rock  under  the  microscope,  which  shows  the  sharp,  angular 
masses  and  fragments  of  corundum  embedded  in  tlie  feldspar,  and 
also  the  intimate  mixture  of  the  feldspar  and  the  corundum  with  large 
porphyritic  feldspar  crystals  in  a  groundmass  of  the  finer-grained 
olivine.  Dr.  G.  H.  Williams "  has  investigated  a  feldspathic  perido- 
tite of  eastern  Maryland,  and  his  investigations  are  in  accord  with  the 
conclusions  drawn  above — that  the  feldspar  is  older  than  the  olivine 
and  separated  out  from  the  still  molten  magnesian  magma.  He 
says:  ^  "  The  structure  of  these  rocks  is  therefore  quite  an  exceptional 
one  for  the  family  of  peridotites;  first,  on  account  of  the  porphyritic 

«  Bull.  U.  S.  Geol.  Survey  No.  28.  "  Ibid.,  p.  53. 
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character,  which  is  rare  in  members  of  this  class ;  and,  second,  because 
of  the  miusiial  position  of  the  olivine  in  the  groundmass,  indicating 
that  it  is  here  the  youngest  instead  of  the  oldest  constituent,  as  is 
generally  the  case." 

As  has  been  stated  on  page  74,  Morozewicz «  has  described  the 
formation  of  corundum  from  a  number  of  magmas  that  Avere  super- 
saturated with  alumina.  The  supersaturated  alumina-silicate  mag- 
mas had  the  general  composition  MeO,mAL03,MSi02(Me=Ko,  Na.,, 
Ca,  and  w=2 — 13).  In  these  magmas,  on  cooling,  all  the  excess  of 
alumina  (over  ?n=l)  separates  out  in  the  form  of  corundum  crystals, 
this  taking  place  when  magnesia  and  iron  Avere  not  present. 

In  these  experiments  the  silicates  that  were  used  to  form  the 
magmas  were  for  the  most  part  those  of  calcium,  sodium,  jind  potas- 
sium. When  alumina  w^as  present  in  them  in  excess  of  m=l,  it 
would  separate  out  in  the  form  of  corundum;  but  when  the  magma 
was  not  saturated  with  alumina  or  fa  was  equal  to  1  or  less,  all  the 
alumina  was  used  up  in  the  formation  of  double  silicates.  WHien 
magnesia  was  present,  the  excess  of  alumina  united  with  the  mag- 
nesia to  form  the  mineral  spinel,  and  if  not  enough  magnesia  was 
present  to  unite  with  all  of  the  ahmiina  some  corundum  was  formed. 
When  there  was  an  excess  of  silica,  or  n  was  greater  than  0,  the 
excess  of  alumina  united  with  the  silica  to  form  the  mineral  silli- 
manite,  and  if  alumina  still  remained  it  separated  out  as  corundum. 
Wlien,  however,  magnesia  and  iron  are  present  w^ith  the  excess  of 
silica  and  alumina,  cordierite  and  spinel  are  the  minerals  formed. 

From  these  experiments  it  would  seem  that  when  a  magma  is  com- 
posed of  silicates  of  the  alkali  and  alkali-earth  metals — sodium,  potas- 
sium, and  calcium — the  alumina  dissolved  in  this  magma  will,  to  a 
certain  point,  unite  to  form  double  silicates  of  alumina  with  these 
other  bases;  but  when  the  ratio  of  alumina  to  these  bases  is  greater 
than  1 : 1  the  excess  of  alumina  will  separate  out  as  corundum,  except 
when  influenced  as  just  described.  Magnesia,  it  would  seem,  does 
not  have  so  strong  an  affinity  for  the  formation  of  silicates,  and 
when  present  in  the  magmas  influences  the  separation  of  alumina  as 
a  double  salt  of  magnesia  and  alumina  in  the  formation  of  the 
mineral  spinel,  or  Avith  an  excess  of  both  alumina  and  silica  in  the 
presence  of  iron  in  the  formation  of  the  mineral  cordierite. 

In  some  earlier  experiments  MorozeAvicz  '^  has  shoAvn  that  alumina 
will  readily  dissolve  in  a  molten  magma  having  a  composition 
approximately  that  of  the  basic  magnesian  rocks,  and  that  upon 
cooling  the  alumina  separates  out  as  corundum  and  spinel. 

"Tschermaks  mineral,  u.  petrogr.  Mittheil.,  vol.  IS,  189.S,  pp.  1-90  and  105-240. 
«>Zeitschr.  fiir  Krystall.,  vol.  24,  1895,  p.  281. 
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There  seems  to  be  but  little  tendency  for  the  alumina  to  unite  with 
the  magnesia  to  form  the  double  silicates,  except  where  the  magnu) 
contains  but  little  magnesia  and  some  iron,  where  the  mineral  cor 
dierite  is  found,  or  with  the  magnesia  alone  to  form  the  mineral 
spinel,  MgO,Al203,  except  when  there  is  an  excess  of  MgO,  when 
some  spinel  is  formed ;  but  the  greater  portion  of  alumina  separates 
as  corundum.  This  would  seem  to  show'  that  the  affinity  of  mag- 
nesium for  silica  in  the  formation  of  a  silicate  molecule  is  stronger 
than  for  alumina  to  form  the  aluminate  molecule. 

From  what  has  been  observed  in  nature  and  from  the  experiment- 
that  have  been  made  in  the  laboratory,  therefore,  it  seems  that  the 
separation  of  alumina  as  corundum  from  molten  magmas  is  depend- 
ent upon  the  composition  of  the  chemical  compounds  that  are  the 
bases  of  the  magmas,  upon  the  oxides  that  are  dissolved  with  the 
alumina  in  the  magma,  and  upon  the  quantity  of  alumina  itself,  and 
that  the  following  conclusions  are  justified: 

1.  When  the  magma  is   a   calcium-sodium-potassium   silicate,  nc^ 
alumina  held  in  solution  by  such  a  magma  will  separate  out  as  corun 
dum,  except  when  the  ratio  of  the  alumina  to  the  other  bases  is  more 
than  1 : 1  and  the  ratio  of  the  silica  is  less  than  6. 

2.  If  magnesia  and  iron  are  present  in  the  magma  thus  composed, 
corundum  will  not  form  unless  there  is  more  than  enough  alumina  to 
unite  with  the  magnesia  and  iron. 

3.  Wlien  the  magma  is  composed  of  a  magnesium  silicate  without 
excess  of  magnesia,  all  the  alumina  held  by  such  a  magma  will  sepa- 
rate out  as  corundum. 

4.  Where  there  is  an  excess  of  magnesia  in  the  magma  just  de- 
scribed, this  excess  of  magnesia  will  unite  with  a  portion  of  the 
alumina  to  form  spinel  and  the  rest  of  the  alumina  will  separate 
out  as  corundum. 

5.  Wliere  there  is  chromic  oxide  present  in  a  magma  composed 
essentially  of  a  magnesium  silicate  (as  the  peridotite  rocks)  and  only 
a  very  little  alumina  and  magnesia  are  present,  these,  uniting,  sepa- 
rate out  with  chromic  oxide  to  form  the  mineral  chromite,  and  no' 
corundum  or  spinel  is  formed. 

6.  When  peridotite  magmas  contain,  besides  the  alumina,  oxides  of 
the  alkalies  and  alkali  earths,  as  soda,  potash,  and  lime,  a  portion  of 
the  alumina  is  used  in  uniting  with  these  oxides  and  silica  to  form 
feldspar. 

7.  There  is  a  strong  tendency  for  the  alumina  to  unite  with  the' 
alkali  and  alkali-earth  oxides  to  form  double  silicates  like  feldspars, 
whether  such  silicates  form  the  chief  minerals  of  the  resulting  rock 
or  are  present  only  in  relatively  small  amount.    There  is,  however, 
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but  little  tendency  for  the  alumina  to  unite  with  magnesia  to  foiiu 
double  silicates  when  the  magma  is  a  magnesium  silicate. 

In  the  following  table  these  same  phenomena  have  been  sunnnai'- 
ized  in  a  way  that  j)erhaps  makes  the  various  results  stand  out  more 
prondnently. 

depuration  of  alumina  from  molten  magmas.*^ 


Magma  silicates. 

Dissolved  oxides. 

Minerals  formed. 

rAl,0,:R=l:l 

Corundum. 

+  excess  SiO.^ 

Sillimanite 

Ca-Na-K  (silicates) 

R=other  bases. 

AlA-MgO-FeO 

4-  excess  Al^Oj 

Spinel. 
Corundum. 

+  excess  SiOj 

/AI2O, 

Cordierite. 

>Corundum. 

Spinel. 
Corundum. 
Do. 

No  excess  MgO 

AlA 

-f-  excess  MgO 

-f-  excess  AI2O3 

AloOq-CroO, 

Do, 

(Mg,Fe)Si04 

No  excess  MgO    

Chromite. 

AiPa-Cr.Og 

J  Corundum, 
tpicotite. 
rMitchellite. 
IChromite. 

Plagioclase  feldspar. 
Corundum. 

+  excess  MgO 

CaO-Na^O-Al^Og-SiO, 

.+  excess  AI2O3 

It  is  very  evident  that  there  are  a  series  of  magmas  that  contain 
an  excess  of  alumina,  just  as  there  are  magmas  containing  an  excesi- 
3f  silica,  and  that  the  alumina  separates  out  as  corundum  according 
o  the  same  laws  that  govern  the  separation  of  silica  as  quartz  in 
granitic  rocks. 

In  the  case  of  the  amphibolites  and  pyroxenites  the  general  laws 
yiven  above  wall  apply  to  the  separation  of  the  alumina  as  corundum 
Prom  these  rocks  when  they  were  in  a  molten  condition.  As  they  are 
Por  the  most  part  in  narrow  dike-like  formations  instead  of  lenticular 
nasses,  the  corundum  would  be  generally  distributed  through  them 
^ather  than  concentrated  along  their  borders. 


"For  comparison  see  on  p.  94  the  origin  of  corundum  in  plumasite. 
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ORIGIN  OF  J^MERY  IN   AMPHIBOLITE  AT  CHESTER,  MASS. 

It  is  difficult  to  decide  from  an  examination  of  the  amphibolite 
and  the  surrounding-  rocks  at  Chester,  Mass.,  whether  the  amphibolite 
is  of  sedimentary  or  igneous  origin,  for  some  indications  point  to  one 
and  some  to  the  other;  hence  it  is  not  improbable  that  some  portions 
of  this  band  of  amphibolite,  which  extends  across  the  State,  may  have 
been  formed  in  one  way  and  other  portions  in  the  other  way.  Profes- 
sor Emerson  has  examined  this  belt  of  rocks  for  practically  its  entire 
distance  across  the  State,  and  Avhile  he  is  inclined  to  consider  the 
amphibolite  of  sedimentaiy  origin,  he  does  not,  if  I  understand  him 
correctly,  see  anything  antagonistic  to  the  view  that  at  least  a  portion 
of  it  is  an  intrusive  igneous  rock.  I  have  examined  only  that  portion: 
of  the  amphibolite  adjacent  to  the  emery  vein,  and  from  my  observa- 
tions I  have  come  to  the  conclusion  that  this  part  of  the  amphibolito 
band  is  an  igneous  rock  that  has  been  intruded  into  the  schists > 
along  their  line  of  weakness,  and  that  the  magnetite  and  emery  are' 
the  first  minerals  to  separate  out  from  this  magma.  The  reasons  thatt 
have  led  me  to  this  conclusion  are  given  briefly  in  the  followin^:^ 
paragraphs. 

The  position  of  the  amphibolite,  Avith  a  dip  of  practically  90° 
lying  between  the  EoAve  and  the  Savoy  schists,  which  would  have  beer 
a  line  of  least  resistance,  suggests  an  igneous  origin.  AVhat  seems  tc 
me  opposed  to  the  acceptance  of  a  sedimentary  origin  for  this  broac 
band  of  amphibolite  is  the  separation  of  the  vein  of  emery  and  mag- 
netite from  the  sericitic  schist  on  the  east  by  a  band  of  the  amphibo- 
lite, varying  in  Avidth  from  a  few  feet  to  18  feet,  Avhich,  as  far  as  car 
be  judged  superficially,  is  identical  in  every  way  with  the  amphibo 
lite  on  the  west  of  the  vein.  Yet,  if  the  amphibolite  and  emery  are  o: 
igneous  origin,  it  would  naturally  be  expected  that  emery  would  occui 
on  the  west  side  of  the  amphibolite,  but  none  has  been  found  there 
although  it  is  not  certain  that  it  does  not  occur. 

Only  a  small  amount  of  carbonates  has  been  found  in  connection 
with  the  amphibolite  and  emery — no  more  than  could  readily  b 
accounted  for  as  secondary  minerals. 

Moreover,  chromite  has  l)een  found  in  connection  with  the  serpen 
tine  that  is  associated  with  the  amphibolite,  some  of  which  serpentini 
is  undoubtedly  an  alteration  of  this  rock.  The  presence  of  the  chro 
mite  in  the  serpentine  is  to  me  a  A^ery  good  indication  of  its  igneou 
origin,  and  of  its  being  the  alteration  product  of  a  basic  magnesiai 
rock.  This,  then,  Avould  indicate  the  existence  of  former  masses  of  ji 
basic  magnesian  rock  Avhicli  have  been  changed  into  serpentine,  th 
serpentinization  continuing  into  the  amphibolite  for  some  distance. 

The  emeiy  is  not  continuous  along  the  strike  of  the  vein,  but  occur 
in  a  series  of  pockets  in  the  vein  that  dip  about  30°  to  the  north.     Ii 
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L>olng  from  one  pocket  to  another  along  the  strike  there  is  often  notli- 
ing-  to  indicate  the  vein  but  a  small  seam  of  chlorite.  The  pockets  are 
:ilmost  continuous  in  the  direction  of  the  so-called  dip  and  hold  this 
iip  very  constantly. 

It  seems  to  me  that  this  j^ortion  of  the  amphibolite  band  was  an 
igneous  mass  intruded  after  the  formation  of  the  sericitic  schists,  and 
^•ither  after  or  at  the  time  when  these  scdnsts  Avere  ah'eady  tilted  to 
Iheir  present  ])osition,  and  that  the  emery  bed  is  the  result  of  the  dif- 
ferentiation of  components  of  the  mass  that  were  held  in  solution  by 
Ihe  igneous  magma. 

The  theory  that  Professor  Emerson  "  ])roposes  is  also  ])robable,  viz: 

That  the  emery-magnetite  vein  was  originally  a  deposit  of  limonite  wliich  was 
formed  by  the  replacement  of  limestone  and  into  which  alumina  was  carried  by 
nfiltrating  solutions  and  deposited  as  allophane  and  gil)bsite.  The  subsequent 
betamorphism  of  the  bed,  although  it  may  well  have  been  intimately  connected 
ivith  the  extremely  violent  mechanical  forces  to  which  the  strata  have  been  sub- 
jected, was  largely  completed  before  these  forces  had  ceased  their  activity,  as  is 
>hown  by  the  jointing  and  brecciation  of  the  magnetite  and  emery.  *  *  =■= 
["he  less  altered  ferruginous  limestone  below  was  changed  into  the  epidoti(r 
jmphibolite. 

Many  points  that  can  be  noticed  support  this  conclusion,  but  these 
dso  indicate  an  igneous  origin  for  the  amphibolite.  No  fresh  per- 
dotite  rocks  have  been  observed  in  this  section,  and  the  nearest  are 
probably  across  the  Connecticut  River  at  Pelham,  where  an  igneous 
nass  of  saxonite  occurs.  However,  as  stated  above,  the  presence  of 
;hromite  in  the  serpentine  associated  with  this  amphibolite  seems 
^ood  evidence  that  the  serpentines  have  an  igneous  origin,  and  it 
s  very  probable  that  they  are  alterations  of  former  masses  of  an 
ntruded  peridotite. 

If  any  deep  mining  is  undertaken  on  the  emery,  new  evidence  may 
)e  broufifht  to  liijht  that  will  determine  decidedly  what  nuiv  have  been 
he  origin  of  these  amphibolites  and  emery  deposits. 

ORIGIN    OF   CORUNDUM    IN    NORITE. 

The  emery  variety  of  corundum,  which  is  found  associated  with 
he  norites  in  the  vicinity  of  Peekskill,  Westchester  County,  N.  Y., 
hows  a  gradual  transition  of  the  spinel  (pleonaste),  iron  ore,  and 
niery  into  the  normal  norite.  It  is  not  at  all  unlikely  that  the 
egregated  masses  of  these  basic  minerals  are  the  products  of  dif- 
erentiation  of  the  molten  norite  magma  by  which  the  basic  portion 
>f  the  magma  has  been  ccmcentrated  near  its  outer  surface  and  makes 
L  gradual  transition  toward  the  center  to  the  more  acid  norite. 
riiis  occurrence  would  be  similar  to  that  of  the  pyrrhotites  which 
lave  separated  out  from  the   norites  of   Nor\vay,   as  described   by 


Mon.  U.  S.  Geol.  Survey,  vol.  20,  1898,  p.  145. 
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Yogi."  In  that  case  the  pyrrhotite  is  concentrated  toward  the  border 
of  the  norite,  and  there  is  at  some  places  a  gradual  transition  from 
the  pure  pyrrhotite  through  pyrrhotite-norite  to  the  pure  norite, 
while  at  others  there  is  a  sharp  contact  between  them. 

ORIGIN  or  CORUNDUM  IN  PLUMASITE. 

Pliimasite  has  been  described  on  page  43  as  an  oligoclase-corunduju 
rock  Avhich  is  either  a  separate  dike  rock  cutting  through  the  perido- 
tite,  or  is  a  differentiated  zone  that  has  separated  out  from  the 
original  peridotite  nuignia.  Whichever  of  these  tAVo  may  be  the  exact 
origin  of  the  oligoclase-corundiun  rock,  it  is  very  evident  that  the 
corundum  has  separated  from  a  molten  magma  which  contained  the 
chemical  compounds  of  plagioclase  feldspar  with  an  excess  of  aluuuna. 
Upon  the  cooling  of  this  magma  a  sufficient  portion  of  the  alumina 
would  be  utilized  in  forming  the  oligoclase  molecule,  and  only  the 
excess  would  separate  out  as  corundum.  This  would  take  place 
whether  the  magma  had  simply  the  composition  of  a  medium  acid 
plagioclase  with  an  excess  of  alumina,  or  whether  the  magma  had 
principally  the  composition  of  olivine  Avith  a  certain  amount  of 
alkalies,  lime,  and  alumina,  the  three  latter  in  sufficient  quantity  to 
make  the  oligoclase  molecule  with  an  excess  of  alumina.  This  forma- 
tion of  the  corundum  is  in  accord  with  the  experimental  work  of 
Logorio. 

ORIGIN   or   CORUNDUM   IN    MONCHIQUITE. 

The  sapphires  which  are  found  in  the  monchiquite  of  Yogo,  Mont., 
are  all  of  some  •  shade  of  blue,  and  they  occur  rather  sparingly 
in  the  rock;  but,  from  their  sharp,  distinct  crystals  and  their  general 
distribution  in  this  rock,  it  is  just  as  evident  that  they  have  crystal- 
lized out  of  a  molten  magma  as  that  the  Avell-formed  phenocrysts  of 
feldspar  in  porphyry  have  crystallized  out  from  a  molten  magma. 
As  stated  by  Prof.  L.  V.  Pirsson,''  however,  the  general  character  of 
the  rock  shows  that  it  could  not  originally  have  been  sufficiently  rich 
in  alumina  to  have  allowed  a  general  separating  out  of  corundum. 
The  molten  magma  during  its  intrusion  undoubtedly  took  up  great 
quantities  of  inclusions  from  the  sediment  through  which  it  passed. 
The  Belt  formation,  consisting  of  clay  shales  of  great  but  unknown 
thickness,  probably  underlies  the  limestones  of  this  district,  and  the 
included  fragment  of  these  shales  would  be  the  source  of  the  alumina 
of  tlie  sapphires. 

It  may  be,  as  some  believe,  that  the  Belt  formation  is  absent,  but 
it  is  known  that  the  Cambrian  beds,  which  contain  almost  every 


«  Zeitschr.  fiir  prakt.  Geol.,  Nos.  1,  4,  and  7,  1898. 

^  Pirsson,   L.   V.,   Geology  of  Little  Belt   Mountains,   Montana :    Twentieth  Ann.   Rept. 
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possible  variety  of  calcareous,  siliceous,  and  argillaceous  rocks,  do 
underlie  at  this  location  the  rocks  exposed  id  the  surface,  and  these 
would  probably  be  capable  of  furnishing  material  that  could  be  the 
source  of  the  sapphires.  The  parallel  dike  of  nearly  similar  rock 
which  cuts  the  limestones  about  600  feet  north  of  the  sai)phire  dike 
does  not,  however,  contain  any  gems,  and  tliis  has  been  thoroughly 
prospected.  It  may  be  that  tlie  shales  of  the  HeU  foruiation  underlie 
the  limestone  and  Cambrian  rocks  in  sucli  a  position  as  to  be  cut  by 
the  sapphire  dike  and  that  they  st()}:>  before  reaching  a  point  where 
the  parallel  dike  has  been  intruded.  Such  beds  of  shale  would  be 
readily  shattered  by  the  intrusion  of  igneous  rocks,  and  poi'tions  of 
the  shattered  shales  would  naturally  be  included  in  the  intrusive  mass. 
These  included  fragments  of  shale  would  be  dissolved  by  the  molten 
magma,  its  heat  being  very  naturally  maintained,  as  it  is  in  the  form 
of  an  intruded  mass.  Local  areas  would  be  formed  in  the  magma 
that  would  be  very  rich  in  alumina,  and  as  the  magma  began  to  cool 
corundum  crystals  w^ould  separate  out  in  these  alumina-rich  areas. 
Such  a  formation  of  the  corundum  is  in  accord  w^ith  the  laboratory 
experiments,  as  described  under  the  artificial  production  of  corundum, 
and  the  form  of  the  crystals  is  also  in  accord  Avith  that  of  pyrogenetic 
corundum. 

Mr.  W.  H.  Weed  «  makes  the  following  statement  regarding  the 
Igneous  origin  of  these  sapphires : 

It  is  apparent  from  a  study  of  the  sapphires  themselves  that  they  crystallize 
out  of  the  rock  ;  but  it  is  also  evident  that  partial  resorption  took  place  before 
final  consolidation,  since  many  of  the  sapphires  show  deeply  corroded  surfaces; 
others  are  rounded  masses  whose  crystalline  outline  is  nearly  effaced,  while 
many  of  them  are  surrounded  by  a  blackish  crust.  If  the  molten  rock  could 
dissolve  the  sapphires  at  this  stage,  it  is  certain  that  it  could  dissolve  clay 
shale  as  well. 

As  has  been  stated,  the  upper  portion  of  these  dikes  is  thoroughly 
altered  and  decomposed,  so  that  their  original  character  is  obscured, 
and  they  are  now  ocherous,  clayey  bodies.  Where  the  dikes  are  less 
decomposed  they  begin  to  have  a  brecciated  appearance,  which  is 
undoubtedly  due  to  the  fragments  of  limestone  that  have  been  broken 
off  during  the  intrusion  of  these  dikes  through  the  limestone.  At 
depths  varying  from  30  to  50  feet  the  unaltered  rock  begins  to  be 
encountered. 

ORIGIN  OF  CORUNDUM    IN   METAMORPHIC  ROCKS. 
ORIGIN    IN    AMPIIIHOLE-SCIIIST. 

The  occurrence  of  corundum  in  the  amphibole-schist  of  Cow^ee  Val- 
ley, Macon  County,  N.  C,  has  been  described  in  detail  on  pages  57-59. 
The  rock  is  composed  chiefly  of  labradorite,  aniphibole,  and  garnet, 


«  Twentieth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3,  1898-99,  p.  458. 
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with  staiirolite  and  rutile,  muscovite,  and  biotite  as  accessory  minerals. 
The  labradorite  of  this  rock  is  often  broken,  exhibiting  rolling  extinc- 
tions, and  the  albite  lamellse  are  curved  and  bent,  strongly  indicating 
a  shearing  movement  in  the  rock.  The  corundum  does  not  occur  in 
crystals,  but  in  small  fragments  and  in  elongated  nodules,  which  are 
cracked  and  seamed,  as  if  they  had  been  drawn  out  during  the  shear- 
ing process.  The  staurolite  is  in  rather  broad  irregular  grains,  and 
the  rutile  in  small  irregular  grains  and  well-crystallized  prisms. 

From  the  character  and  structure  of  this  rock,  as  noted  above,  it  is 
very  probably  a  metamorphosed  igneous  rock  of  the  gabbroid  family. 
During  metamorj^hism  the  augite  of  the  gabbro  would  be  converted 
into  the  brown  hornblende.  Any  iron  ore  that  was  present  would  be 
taken  up  by  the  hornblende  and  garnet.  The  rutile  would  have 
resulted  from  the  titanic  acid  that  is  a  regular  component  of  the  iron 
ores  in  these  gabbro  or  diabase  rocks.  Staurolite  is  a  mineral  that  is 
rather  naturally  expected,  as  it  is  usually  a  mineral  of  met  amor  phism, , 
and  its  natural  home  is  in  the  schistose  rocks.  The  feldspar  has  suf- 
fered the  least  chemically  (except  the  corundum),  and  shows  only 
the  shearing  of  dynamic  processes.  The  general  character  and  shape 
of  the  corundums  would  indicate  that  they  were  original  constitu- 
ents of  the  igneous  rock  and  were  not  formed  during  its  meta- 
morphism. 

ORIGIN    OF    CORUNDUM    IN    QUARTZ-SCHIST. 

These  rocks,  which  are  found  in  Clay  County,  N.  C.,  and  in  Rabun 
County,  Ga.,  are  described  at  length  on  pages  55-56.  They  vary 
from  those  that  are  a  normal  gneiss  to  those  that  contain  little  or  no» 
feldspar,  and  they  can  be  best  designated  as  quartz-schist. 

The  corundum  occurs  for  the  most  part  in  small  particles  and  frag- 
ments that  have  no  definite  shape,  and  are  of  a  gray,  wdiite,  and 
bluish-white  color  to  almost  colorless.  It  is  also  in  crystals  varying 
in  size  from  minute  ones  to  some  that  are  2^  inches  long  and  about 
one-half  an  inch  in  diameter,  Avhich  are  usually  fairly  well  developed  I 
in  the  prismatic  zone. 

It  is  probable  that  these  schists  are  the  result  of  the  metamorphism 
of  sandstones  and  shales  formed  from  alluvial  deposits  of  many 
thousand  feet  in  thickness,  that  were  formerly  the  bed  of  the  ocean. 
By  lateral  compression  these  have  been  folded  and  raised  into  the 
mountain  ranges  of  this  section.  That  these  were  much  higher  than 
at  the  present  time  is  very  evident  from  the  granitic  dikes  that  are  oil 
deep-seated  origin.  By  decomposition  and  erosion  the  mountainf^ 
liaA^e  been  worn  down  to  their  present  condition,  thus  exposing  tht 
schists  in  contact  with  granitic  dikes  which  have  aided  in  their  thor- 
ough metamorphism.  The  shales  were  rich  in  alumina,  which  pos- 
sibly w^as  in  the  form  of  bauxite,  and  during  their  metamorphisir 
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the  excess  of  the  aluniiiia  crystallized  out  as  cornndum.  This  mineral 
has  crystallized  out  along  the  planes  of  lamination,  so  that  during 
the  subsequent  weathering  of  the  rock  the  corundum  has  been  left  in 
knotty  nodules,  studding  the  surface  of  the  rock  and  giving  it  the 
appearance  of  containing  a  high  percentage. 

This  view  of  the  conversion  of  rich  aluminous  shales  or  bauxite 
into  corundum  is  strengthened  by  the  experiments  nuide  in  the  arti- 
ficial production  of  corundum  from  bauxite,  a  hydrous  aliuninum 
oxide,  by  means  of  very  great  heat  and  pressure  in  an  electrical  fur- 
nace, as  described  on  page  75. 

DISTRIBUTION    OF   CORUI^DUM    IN   THE   irXITED    STATES. 

Although  there  are  many  localities  throughout  the  United  States 
where  corundum  has  been  found,  only  a  few  of  these  contain  this  min- 
eral in  quantity,  and  still  fewer  give  evidence  of  developing  into 
commercial  deposits.  Most  of  the  corundum  that  has  been  mined  in 
the  United  States  for  abrasive  purposes  has  been  obtained  from  the 
Eastern  States,  principally  from  Massachusetts  and  New  York,  which 
furnish  the  emery  variety,  and  from  Georgia  and  North  Carolina, 
which  furnish  corundum.  During  the  last  two  years  the  corundum 
deposits  of  Montana  have  been  developed,  and  their  product  has  been 
put  on  the  market.  The  sapphire  variety  of  corundum  has  been 
mined  quite  extensively  in  Montana,  and  to  a  more  limited  extent  in 
North  Carolina.  The  general  location  of  the  corundum  deposits  of 
the  United  States  is  indicated  on  the  map,  PI.  I.  With  the  excep- 
tion of  a  few  localities  in  Montana,  two  in  Colorado,  one  in  Idaho, 
and  one  or  two  in  California,  all  the  known  occurrences  of  corundum 
in  the  United  States  are  confined  to  the  Appalachian  belt. 

In  the  following  descriptions  of  localities,  those  that  contain  the 
^apphire  variety  are  first  taken  up,  then  those  containing  corundum, 
and  last,  those  containing  emery. 

SAPPHIRE  OR  GEM  CORUNDUM. 
RUBY. 

Sapphire  or  cornndum  gem  occurs  in  the  mines  in  three  forms :  First, 
IS  crystals,  of  which  there  are  two  distinct  forms,  ( 1 )  hexagonal  prisms 
terminated  by  rhombohedrons  and  pyramids,  sometimes  with  basal 
plane,  the  larger  crystals  being  often  rounded  or  barrel  shaped,  and 
(2)  flat,  tabular  crystals,  where  the  basal  jolane  is  very  largely  devel- 
oped; second,  as  transparent  colored  portions  of  larger  massive 
pieces  of  corundum;    third,  as  nodules  of  finer  and  clearer  material 
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in  a  mass  of  cleavable  corundum,  often  having  the  appearance  of 
rolled  pebbles  when  separated  from  the  mass  of  corundum. 

The  most  important  of  the  sapphire  gems  is  the  oriental  ruby, 
which  varies  from  rose,  pinkish,  dark  red.  and  purplish  to  i)igeon- 
blood  color,  the  most  highly  prized.  The  rubies  are  very  likely  to 
be  flawed,  and  when  examined  maiiy  of  the  cut  stones  are  found  to 
contain  flaws  of  one  character  or  another.  The  stones  are  often  so 
cut  that  these  flaws  are  distinguishable  only  by  the  aid  of  a  magnify- 
ing glass. 

The  finest  rubies  of  pigeon-blood  color  are  those  found  in  the 
Mogok  district,  about  90  miles  north-northeast  of  Mandalay,  in 
upper  Burma.  Small  but  fine  rubies,  often,  however,  of  a  pink  color 
or  a  purplish  tint,  are  found  at  Ratnapoora,  in  Ceylon,  and  of  a 
dark-red  color,  similar  to  that  of  a  garnet,  in  Siam.  The  rubies  of 
the  Burma  district  are  found  in  place  in  limestones,  but  the  mining 
is  confined  almost  entirely  to  the  gravels. 

NORTH  CAROLINA. 

At  the  Corundum  Hill  mine,  Cullasagee,  N.  C.  (see  description, 
p.  117),  various  shades  of  ruby-gem  corundum  have  been  found. 
Two  of  the  best  rubies  of  good  color  that  have  ever  been  found  at 
this  mine  are  in  Clarence  S.  Bement's  collection.  There  are  also 
a  number  of  fine  ones  in  the  United  States  National  Museum  at 
A¥ashington.  Many  of  the  smaller  crystals  of  various  shades  of 
pink  to  red  are  transparent  near  the  outer  surface  and  near  their 
extremities,  and  from  these  small  gems  can  be  cut;  but  few  that  are 
worth  $100  have  been  obtained  from  them.  These  smaller  crystals 
are  usually  well  developed  and  have  a  clean-cut  form.  The  faces 
commonly  developed  on  these  are  the  base  c  (0001)  ;  the  unit  prism, 
m  (1010)  ;  the  unit  rhombohedron,  r  (1011),  and  the  pyramid,  n 
(2243),  more  rarely  observed. 

The  North  Carolina  locality  for  corundum  gems  which  has  attracted 
the  most  attention  is  the  tract  of  land  between  the  Caler  Fork  of 
Cowee  Creek  and  Mason  Branch,  tributaries  of  the  Little  Tennessee 
River."  This  tract  is  situated  in  Macon  County,  almost  6  miles 
north  of  the  tow^n  of  Franklin.  The  nearest  railroad  station  is  Dills- 
boro,  Jackson  County,  on  the  Southern  Railway,  about  12  miles  to  the 
east.  The  bottoms  of  the  valleys  are  about  2,500  feet  above  sea  level, 
and  the  mountain  peaks  or  knobs  in  the  immediate  vicinity  rise  to  a 
height  of  3,000  or  3,500  feet. 

In  the  gravels  of  Caler  Fork  Vallej^  pieces  of  crystals  of  red  corun- 
dum w^ere  picked  up  by  tlie  people  of  the  district,  which  led  to  the 
driving  of  two  or  three  tunnels  with  the  expectation  of  striking  i\\^ 
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vein  Mild  fiiulin*^"  the  (•oruiKluin  in  sufficient  (juantity  for  connncrciaf 
l)uri)()-('^.  Work  in  tliis  direction  was  soon  al)and()ned,  and  for  a 
nunil)cr  of  years  tliere  were  onfy  prospecting  and  a  fittle  mining  for 
tlie  red  corundum  for  gem  purposes. 

Systematic  search,  liowever,  finalfy  reveafed  tfie  fact  tliat  ruby 
corundum  was  to  l)e  found  in  tfie  gravefs  of  Cafer  Fort^:  Vafley  for  a 
distance  of  3  mifes.  In  1895  tfie  American  Prospecting  and  Mining 
Company,  of  New  Yorf^,  bougfit  out  tfie  ofd  cfaims  and  f)egan  work 
on  a  systematic  basis.  Tfie  property  owned  by  tfie  company  is  a  farge 
tract  on  f^otti  sides  of  Cafer  Fork  of  Cowee  Creefi  and  nearfy  alf  tfie 
fand  in  tfie  nortfiern  part  of  tfie  watersfied  of  Mason  Brancfi,  a  totaf 
area  of  aljout  5,000  acres. 

Tfie  gravefs  in  Avfiicii  most  of  tiie  rul)ies  fiave  f)een  found  are  cov- 
ered f)y  soil  averaging  about  2  feet  in  deptfi,  f)ut  varying  from  1  to  5, 
jind  tfiey  are  about  8  feet  fiigfier  tfian  tfie  present  affuviaf  gravef  of 
tfie  stream.  Pf.  IV,  .1,  is  a  view  of  one  of  tfie  gravef  beds  tfiat  is 
being  worf^ed  for  rubies,  just  west  of  tfie  company's  office.  Tfie 
gravef  in  tfiis  part  of  tfie  vaffe}^  wfiicfi  is  overfain  witfi  3  to  5  feet  of 
soif,  is  composed  of  waterworn  masses  of  quartz  and  smaff  pef)f:)fes  of 
gneiss  and  qilartz,  and  is  mucfi  cfeaner  in  appearance  tfian  tfie  gravefs 
a  mife  fartfier  up  tfie  creefv,  at  In  Situ  Iliff,  wfiere  most  of  tfie  mining 
was  carried  on  during  1898.  Fifty  feet  above  the  fevef  of  this  gravel 
another  bed  was  discovered  at  In  Situ  Hiff  wfiicfi  carried  ruliy 
corundum. 

In  wasfiing  tfiese  gravefs  for  tfie  rutiies,  fiydraufic  processes  fiave 
l^een  used  very  similar  to  tfiose  used  in  tfie  West  in  washing  gofd- 
bearing  gravefs.  Aff  tfie  soif,  as  weff  as  tfie  gravef,  is  wasfied  into  a 
short  fine  of  sfuice  boxes  {a  of  Pf.  IV,  B)  wfiicfi  lead  into  a  farge  sieve 
box  {h  of  Pf.  IV,  B).  where  the  farge  pieces  of  rock  and  l)owfders  are 
removed  and  most  of  tfie  dirt  and  fine  gravef  is  wasfied  out.  Tfiey 
are  tfien  sfiovefed  into  a  rocf^er  {<•  of  Pf.  IV,  B),  where  they  are 
furtfier  cfeaned  and  concentrated,  the  finaf  concentration  of  tiie 
rubies  lieing  done  liy  fiand. 

No  basic  magnesian  rocks  or  serpentine  derived  from  them,  in 
w^hich  most  of  tfie  corundum  of  North  Carofina  occurs,  have  been 
found  in  this  vaffey.  Corundum  Hiff  and  tlie  Effijay  corundum 
regions  are,  liowever,  fess  tfian  10  mifes  to  tfie  soutfi. 

Afthough  in  many  respects  tfie  occurrence  of  tfie  rubies  and  their 
associated  minerals  in  the  Cowee  Valley  is  similar  to  the  occurrenc"  of 
the  rul)y  in  Burma,  no  limestone  fias  fieen  found  near  the  alluvial 
deposits,  the  nearest  point  at  which  limestone  has  been  found  being 
at  Cuffowee  Gap,  aliout  8  miles  to  the  southeast. 

Tfie  comitry  rock  of  the  (fistrict  is  a  gneiss,  of  a  gray  line-grained 
variety,  wfiicfi  has  a  great  many  siiiafl  garnets  disseminated  through 
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it.  The  rock  for  the  most  part  is  in  a  highly  decomposed  condition, 
but  there  are  small  exposures  of  the  undecomposed  rock  in  many 
places.  The  gravels  in  Avhich  the  rubies  are  found  rest  on  a  soft 
saprolitic  rock  which  is  the  result  of  Aveathering  of  the  basic  silicate 
rocks  in  ])lace.  By  means  of  shafts  and  of  the  workings  at  the  gravel 
washings  it  has  been  shown  that  at  a  depth  of  35  feet  or  more  these 
saprolitic  rocks  contain  fragments  of  the  undecomposed  rock  and  pass 
into  such  rocks  as  eclogite-amphibolite  and  hornblendic  gneiss. 

A  narrow  dike  of  hornblendic  eclogite  a  few  feet  in  width  is 
exposed  neni-  the  present  workings  of  the  compan}^  and  can  be  traced 
for  about  100  yards. 

No  rubies  have  been  found  in  the  undecomposed  rock,  but  at  In 
Situ  Hill  small  rubies  of  a  rather  pale  color  were  found  in  a  narrow 
band  of  saprolitic  rock.  This  band  Avas,  hoAvcA^er,  cut  off  by  slick- 
ensides  so  that  it  could  not  be  folloAved  in  any  direction.  There  are 
four  parallel  slickensides  that  have  been  exposed  at  one  place  in  the 
AAorkings,  the  general  direction  of  the  slickensides  being  N.  75°  E. 
Some  of  these  are  70  feet  in  length  and  of  unknoAvn  depth.  It  is  very 
evident  that  there  has  been  a  great  deal  of  disturbance  in  this  immedi- 
ate vicinity  through  the  breaking  of  the  rock  masses  by  faulting,  the 
ready  influx  of  Avater  having  caused  the  reduction  of  the  rocks  to 
their  saprolitic  condition. 

In  washing  the  gravels  and  bodies  of  saprolitic  rock,  masses  of 
undecomposed  rock  have  been  uncovered,  and  in  the  center  of  these 
nodules  of  the  pure  hornblende  rock  have  been  found.  The  saprolite 
bordering  these  nodules  often  contains  particles  and  crystals  of 
corundum. 

Less  than  2  miles  to  the  east  of  In  Situ  Hill,  beyond  Belts  Gap  of 
the  CoAvee  Mountains,  corundum  of  a  gray  to  bluish  color,  but  highly 
crystallized,  lias  been  found  in  hornblende-gneiss.  One  mile  a  little 
north  of  west,  at  the  Sheffield  mine,  pink  corundum  has  been  found 
in  amphibole-schist.     (See  pp.  57-59.) 

An  association  of  corundum  peculiar  to  this  locality  is  Avith  the 
garnet  rhodolite."  Corundum  and  garnet  (almandine  and  rhodolite) 
not  only  occur  constantly  together  in  the  saprolitic  material  and  in 
the  gravels,  but  corundum  crystals  have  been  found  that  bear  the 
impression  of  the  garnet.  By  means  of  wax  a  mold  Avas  taken  of 
these  impressions,  and  they  were  shown  to  be  either  the  dodecahedron 
or  trapezohedron.  On  the  other  hand,  some  of  the  ruby  crystals  Avhen 
broken  are  seen  to  have  a  rhodolite  garnet  inclosed,  and  the  garnet 
can  often  be  seen  in  the  transparent  ruby  crystal  and  the  cut  gem. 

The  peculiarities  which  distinguish  this  garnet  from  the  ordinary 
occurrences  of  the  species  are  its  variety  of  shades  and  tints,  for  the 


«  The  name  rhodolite  was  selected  for   this  mineral  as  describing  its  most  prominent 
character,  namely,  its  delicate  rose-like  color. 
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most  part  similar  to  those  belonging  to  the  rliododendrons  and  roses; 
its  surprisingly  small  amount  of  coloring  matter;  its  gem-like  trans- 
parency; its  freedom  from  internal  imi)erfections,  microscopic  inclu- 
sions, and  strite,  the  characteristic  imperfections  of  common  garnets; 
also  its  remarkable  brilliancy  when  cut  as  a  gem.  There  is  but  one 
variety  of  garnet  noAv  known  which  approaches  it,  when  in  gem  form, 
in  this  last  respect,  and  that  is  the  green  demantoid  of  Siberia,  which 
often  vies  with  the  diamond  in  its  luster  and  dispersive  effect  upon 
light.  Most  garnets  are  beautiful  only  by  transmitted  light,  and  then 
exhibit  only  dark  shades  of  color,  but  these  new^  garnets  give  most 
beautiful  effects  of  brilliant  and  varied  coloring  by  reflected  light 
alone,  thus  proving  the  uncommon  purity  and  great  clearness  of  this 
new  material. 

As  has  been  said,  there  is  no  limestone  in  this  immediate  vicinity, 
and  these  rubies  Avere  probably  derived  from  an  amphibolite  or  eclo- 
gite.  The  usual  tabular  form  of  the  crystals  is  one  that  seems  to  be 
characteristic  of  the  gem  corundum  Avhen  found  in  igneous  rocks. 

The  CoAA^ee  Creek  rubies  frequently  contain  inclusions,  some  of 
which  are  very  minute,  knoAvn  to  jeAvelers  as  "  silk,"  and  these  give 
rise  to  a  cloudiness  or  sheen  in  the  polished  gem.  Some  gems  from 
this  mine  liaA^e  been  cut  that  Avere  3  or  4  carats  in  weight,  free 
from  inclusions,  of  fine  color,  and  transparent.  A  great  many 
smaller  ones  have  been  cut  that  are  perfect  gems.  In  color  and  bril- 
liancy these  gems  are  equal  to  the  Burma  ruby,  and  if  the  percentage 
of  the  unflawed,  transparent  material  increases  but  little,  this  ncAV 
field  wall  be  a  worthy  rival  to  the  Burma  field.  A  considerable  per- 
centage of  the  transparent  material  is  often  very  badly  flaAA^ed  by 
cracks  due  to  parting  and  injured  by  the  inclusions  of  rutile  or 
menaccanite,  so  that  the  percentage  of  perfect  stone  from  this  mine  is 
small.  This,  hoAA^CA^er,  is  true  of  the  rubies  from  the  Burma  field  also, 
for  a  large  proportion  of  the  rubies  on  the  m.arket  to-day  are  usually 
more  or  less  flaAved  Avith  the  parting  cracks. 

The  pleochroism  exhibited  by  the  Cowee  rubies  is  very  marked, 
some  of  them  being  a  very  rich  pigeon-blood  red  in  the  direction  of 
the  A^ertical  axis — that  is,  looking  doAvn  upon  the  basal  plane — and 
changing  to  an  almost  pinkish-Avhite  color  AAdien  A^iewed  at  right 
{ingles  to  this  or  looking  through  the  prism.  The  pleochroism  which 
nearly  all  the  deep-colored  A^arieties  of  corundum  gems  exhibit  is  one 
of  the  means  of  identifying  a  corundum  gem.  This  often  interferes 
Avith  the  cutting. 

The  ruby  crystals  *  from  the  CoAvee  Valley  show  a  very  Avide  varia- 
tion in  their  development.  Although  many  of  the  crystals  are  so 
striated  that  no  crystallographic  measurements  were  possible  on  the 
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reflecting  goniometer,  the  faces  were  readily  identified  by  means  of 
the  contact  goniometer.  On  some  of  the  crystals  the  faces  were 
bright  and  smooth,  making  them  aa-cII  adapted  for  measurement  on 
the  reflecting  goniometer.     These  crystals  are  shown  on  PI.  V. 

In  the  crystals  examined  two  common  habits  were  noticed;  one  is 
shown  in  figs.  1  and  2  of  PL  V,  and  is  a  combination  of  the  base  c 
(0001)  and  the  unit  rhombohedron  r  (1011)  ;  the  other  is  represented 
by  figs.  3-6  of  PI.  V,  where  the  prism  a  (1120)  is  very  prominently 
developed.  The  rhombohedral  crystals  vary  from  those  in  which  the 
base  and  the  rhombohedron  are  disproportionately  developed,  the 
base  having  a  diameter  of  12  mm.  and  the  rhombohedron  of  only  1.5 
mm.,  to  some  (fig.  1  of  PI.  V)  in  wdiich  the  base  and  the  rhombohedron 
are  nearer  one  size.  The  majority  of  these  crystals  have,  how^ever, 
the  base  more  largely  developed,  thus  giving  the  crystals  a  flat,  tabu- 
lar appearance.  This  rhombohedral  development  is  very  similar  to 
the  sapphires  from  Yogo  Gulch,  Montana,  described  on  pages 
113-114.« 

On  some  of  the  prismatic  crystals  the  prism  reaches  a  length  of 
nearly  15  mm.  in  the  direction  of  the  c  axis  and  has  the  rhombohedron 
r  but  slightly  developed  (fig.  3  of  PL  V),  wdiile  on  others  the  prism 
is  very  short  and  the  rhombohedron  is  sometimes  wanting,  as  repre- 
sented in  figs.  4  and  5  of  PL  V. 

Another  habit  of  these  crystals  is  shown  in  figs.  7  and  8  of  PL  V, 
where  the  pyramid  n  (2243)  is  well  developed.  This  face  was  identi- 
fied by  means  of  the  contact  goniometer,  the  measured  angles  approxi- 
mating closely  to  those  calculated.  The  usual  form  of  these  crystals 
is  shown  in  fig.  7 of  PL  V,  where  the  faces  r  (0001),  a  (1120),  r  (lOTl), 
and  n  (2243)  are  nearly  equally  developed.  On  some  of  the  crystals 
the  prism  is  very  prominent,  being  8  mm.  in  length  in  the  direction  of 
the  c  axis,  Avhile  the  pyramid  is  only  1.5  mm. ;  on  others  the  pyramid 
is  only  very  slightly  developed.  A  few  crystals  were  examined  which 
showed  only  the  presence  of  the  base,  the  rhombohedron,  and  the 
pyramid,  as  represented  in  fig.  8  of  PL  V.  The  crystals,  measuring 
up  to  7  mm.  in  diameter,  were  doubly  terminated  and  nearly  perfect 
in  their  development. 

The  crystals  represented  by  fig.  7  of  PL  V  are  similar  to  those 
described  by  Bauer  ^  from  the  Burma  district,  and  are  almost  identical 
in  form  with  the  sapphire  crystals  figured  by  me,  from  Emerald  Bar, 
Canyon  Ferry,  Meagher  County,  Mont.  (p.  109).    ■ 

Althougli  both  the  basal  and  rhombohedral  planes  are  very  often 
striated,  it  is  only  on  the  basal  planes  that  the  striations  are  sharp  and 
distinct  and  can  be  measured.  The  striations  are  parallel  to  the  three 
intersections  of  the  base  c  and  the  rhombohedron  r,  as  shown  in  fig.  5 
of  PL  V. 

"  See  also  Am.  .Toar.  Sci.,  4th  ser.,  vol.  4,  1897,  p.  424. 

"Neues  .Tahrbuch  fiir  Mineral.,  (ieoi.,  und  Pal.,  vol.  11,  1S!)<5,  p.  209. 
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A  very  common  develo[)ment  that  Avas  noticed  on  nearly  all  the  flat 
rhombohedral  crystals  and  on  many  of  the  prismatic  crystals  is  a 
repeated  growth  on  the  basal  })lane  of  the  rhomboliedron  r  (1011) 
and  the  base  c  (0001),  as  represented  in  figs.  \-(S  of  Pl.  V. 

To  illustrate  better  the  variation  in  these  growths,  a  series  of  draw- 
ings, figs.  9-14  of  PI.  V,  have  been  made  in  basal  projection.  In  figs. 
9  and  10  of  PI.  V,  which  represent  the  more  common  development  of 
these  repeated  growths,  there  is  but  one  secondary  rhomboliedron 
and  base,  which  sometimes  has  one  of  its  rhomboliedron  faces  a  con- 
tinuation of  one  of  the  rhomboliedron  faces  of  the  crystal.  Figs.  11 
and  12  of  PI.  V  represent  the  repeated  growths,  the  faces  of  which  are 
separate  and  distinct  from  one  another  and  from  the  faces  of  the  main 
crystal.  In  the  crystals  represented  by  fig.  12  of  PL  V,  the  basal 
plane  of  the  crystal  has  the  appearance  of  being  striated  with  trian- 
gular markings  when  the  secondary  growths  are  but  slightly  devel- 
oped. In  figs.  13  and  14  of  PI.  V  is  represented  a  series  of  growths 
where  a  number  of  the  rhombohedral  faces  coincide. 

Some  of  the  pyramidal  crystals  (figs.  7  and  8  of  PI.  V)  also  show 
the  development  of  the  secondary  growth  of  rhombohedron  and  base. 
The  thickness  of  the  rhombohedron  of  the  secondary  growth  varies 
greatly;  some  are  so  thin  that  they  appear  like  striations;  some  are  2 
mm.  in  thickness.  A  few  crystals  were  observed  on  which  there  was 
a  secondary  growth  parallel  to  the  prism  a  (1120).  This  same  style 
of  development  has  been  described  by  Bauer «  as  occurring  in  the 
Burma  rubies. 

The  sapphire  crystals  from  Montana,  described  on  page  100,  are 
strikingly  similar  in  this  respect  to  the  Co  wee  rubies.  Among  the 
most  noticeable  associated  minerals  of  these  Cowee  rubies  is  the  deli- 
cate rose-colored  garnet,  rhodolite,  which  has  already  been  mentioned. 
It  usually  occurs  in  waterworn  jiebbles,  but  it  has  also  been  found  in 
very  small  dodecahedrons.  The  other  accompanying  minerals  are: 
Quartz,  rarel}^  as  pseudomorphous  dodecahedrons;  corundum  crys- 
tals, of  pale  blue,  amethystine,  and  pink  shades;  spinel  (pleonaste)  ; 
gahnite,  in  octahedral  crystals;  chromite  (rare)  ;  rutile;  menaccanite; 
bronzite  (transparent);  tremolite;  hornblende;  iolite  (colorless); 
cyanite;  fibrolite;  staurolite,  in  perfectly  transparent  fragments  of  a 
garnet-red  color;  monazite  in  small  crystals;  zircon,  small  brilliant 
crystals,  and  also  the  variety  cyrtolite;  pyrite;  chalcopyrite;  pyr- 
rhotite;  sphalerite;  sperrylite  in  minute  crystals;  and  gold. 

Much  of  the  work  that  has  been  done  in  Cowee  Valley  has  been  in 
the  nature  of  prospecting  to  locate  the  extent  of  the  ruby-bearing 
gravel,  and,  if  possible,  to  locate  the  origin  of  the  rubies  themselves. 

"  Loc.   cit.,   p.    209. 
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At  the  Mincey  mine,  Ellijay  Creek,  ruby  corundum  has  been  found 
from  which  several  small  stones  could  be  cut.  This  ruby  corundum 
occurs  at  the  same  locality  as  the  bronze  corundum  described  below, 

Another  locality  that  is  worthy  of  mention,  and  one  that  gives  some 
promise  of  making  a  satisfactory  showing  in  course  of  develoi)ment,  ir 
the  so-called  gem  mine  on  the  property  of  Dr.  C.  Grimshawe,  of  Mont- 
vale,  Jackson  County,  N.  C.  Eubies  of  good  color,  from  which  a 
number  of  very  small  but  fine  stones  have  been  cut,  haA^(3  been  found 
in  the  gravels  of  the  stream.  Blue  and  yellow  corundum  of  gem 
quality  is  associated  with  the  rubies.  By  following  up  the  gravels 
the  corundum  was  located  in  a  small  vein  in  the  decomposed  perido- 
tite. 

At  the  Cullakeenee  mine.  Buck  Creek,  and  near  Elf,  on  Shooting 
Creek,  Clay  County,  N.  C,  masses  of  emerald  to  grass-green  amphib- 
olite  are  found,  through  which  are  disseminated  particles  of  pin^v 
and  ruby  corundum,  ranging  in  size  from  that  of  a  pea  to  that  of  a 
hickory  nut.  The  corundum  is  not  of  gem  quality,  but  the  combina- 
tion of  the  green  amphibolite  and  the  pink  corundum  makes  ver}^ 
beautiful  specimens,  and  as  the  rock  is  hard  enough  to  admit  of  a  good 
polish  this  occurrence  might  furnish  a  decorative  or  ornamental 
stone  of  some  value. 

At  the  Mincey  mine,  on  Ellijay  Creek,  Macon  County,  and  about  2^ 
miles  northeast  of  Corundum  Hill,  there  occurs  a  peculiar  brcnvn  or 
bronze  corundum,  known  locally  as  ''  pearl  corundum,"  which  shows 
distinct  asterism,  both  by  natural  and  artificial  light,  when  the  stone 
is  cut  en  cabochon.  In  natural  light  these  corundums  all  show  a 
bronze  luster  and  are  somewhat  similar  to  the  cat's-eye,  but  in  arti- 
ficial light  the  star  is  more  distinct.  Most  of  the  bronze  corundum  is 
in  rough  crystals,  but  some  have  been  found  that  have  the  prismatic 
faces  smooth  and  well  developed,  and  these  are  often  dark,  almost 
black,  in  color. 

Asterism  has  been  noticed  in  many  of  the  rubies  and  sapphires  from 
Cowee  Valley  and  in  a  few  of  the  sapphires  from  the  Montana 
deposits.  This  asterism,  according  to  Von  Lasaulx,  is  sometimes  pro- 
duced by  rifts  due  to  the  basal  parting.  These  rifts,  when  examinetl 
with  the  microscope,  are  seen  to  be  very  thin,  sharp,  and  rectilinear, 
and  are  parallel  to  the  intersection  of  the  prism  and  the  base. 

In  other  cases  asterism  is  undoubtedly  due  to  the  rutile  or  other 
mineral  that  is  inclosed  in  the  sapphires,  which  intersect  each  other  at 
angles  of  60°,  and  form  a  "  sagenite  web  "  or  similar  structure. 

On  many  of  the  corundum  crystals,  especially  of  the  sapphire 
variety,  concentric  hexagons  were  observed  on  the  basal  plane  as 
represented  in  fig.  14.  The  edges  of  the  hexagon  are  parallel  to  the 
intersections  of  the  prism  faces  and  the  base,  and  the  plane  of  the 


SAPPHIKE    IN    UNITED    STATES. 


105 


liexagon  is  parallel  to  the  base.  In  a  few  of  the  transparent  crystals 
this  hexagon  was  observed  as  a  Aveb  in  the  midst  of  the  crystal,  the 
plane  of  the  web  being  parallel  to  the  basal  plane. 


GEORGIA. 

There  are  a  few  localities  in  Georgia  wliere  a  ruby-red  corundum 
has  been  found,  but  none  of  these  have  as  yet  produced  a  stone  of  any 
real  merit  as  a  ruby  gem.  At  the  Laurel  Creek  mine,  Rabun  County, 
at  the  Hiawassee  mine,  ToAvns  County,  and  from  near  Caldwell, 
Union  County,  pink  to  ruby-red  corundum  of  good  color  has  been 
found,  some  of  which  is  translucent  to  semitransparent,  making  very 
handsome  mineral  specimens. 

MONTANA. 

Montana  has,  next  to  North  Carolina,  been  the  most  productive 
State  in  rubies,  and  it  is  the  first  State  in  the  total  value  of  its  pro- 
duction of  corundum  gems,  of  which 
the  oriental  sapphire  constitutes  the 
largest  amount.  Rubies  of  a  rich  red 
color  have  been  found  in  the  gravels 
of  the  upper  waters  of  Rock  or  Stony 
Creek,  Granite  County,  and  in  less 
amount  in  the  gravels  of  Cottonwood 
Creek,  Deerlodge  County.  The  rubies 
are  found  in  these  gravels  associated 
Avith  other  colors  of  corundum,  and 
they  form  but  a  very  small  percent- 
age of  the  total  corundum  gems  ob- 
tained. The  majority  of  the  gems 
found  at  these  two  localities  are  pale- 
green,  yellow,  pink,  or  from  bluish- 
white  to  nearly  colorless. 


Fig.  14. — Corundum  crystal,  showing 
•  concentric  hexagons  on  basal  plane. 
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No  corundum  gems  were  found  in  the  United  States  until  the 
opening  of  the  Corundum  Hill  (corundum  mine  at  Cullasagee,  Macon 
County,  N.  C,  in  1871.  This  corundum  is  mined  for  abrasive  pur- 
poses, but  in  certain  parts  of  the  deposit  crystal  corundum  is  occa- 
sionally found  that  is  of  a  decided  gem  character,  and,  again,  many 
of  the  fragments  of  the  corundum  have  certain  portions  that  are 
transparent.  A  number  of  very  handsome  dark-blue  sapphires  from 
this  mine  are  in  the  United  States  National  Museum,  one  of  which 
weighs  a  carat.« 


Kunz,  G.  F.,  fienis  and  Precious  Stones  of  North  America,  1890,  p.  40. 
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Yellowish  and  blue  colors  in  the  same  specimen  are  rather  common 
and  are  sometimes  sharply  separated  into  consecutive  bands,  while  ii 
other  specimens  the  colors  merge  into  one  another. 

Sapphire  gems  of  all  the  different  colors  have  been  found  at  Corun 
dum  Hill,  and  I  have  in  my  collection  cut  gems  representing  all  these 
various  colors.     Many  of  them  are,  however,  very  small. 

During  the  last  fourteen  years  but  few  gems  have  been  obtainec 
from  this  mine,  for  the  reason  that  the  portion  of  the  deposit  fron 
which  these  crystals  were  formerly  obtained  has  not  been  worked.  Ii 
the  alluvial  deposits  below  this  portion  of  the  mine  many  handsouK 
crystals  can  be  obtained  by  washing  the  gravel. 

The  green  sapphire,  which  -is  the  oriental  emerald,  is  one  of  the 
rarest  of  gems.  The  Corundum  Hill  mine  is  the  only  place  in  thi; 
country  at  which  the  emerald-green  sapphire  has  been  foiuid,  and  i 
occurs  very  sparingly  here,  although  the  yellowish  and  light-greei 
varieties  are  not  uncommon.  What  is  probably  the  finest  knowi 
specimen  of  oriental  emerald  in  the  world  came  from  this  mine  and  i: 
now  in  the  Bement  collection.  It  is  a  crystal  4  by  2  by  1 J  inches ;  par 
of  it  is  transparent,  and  several  very  fine  gems  could  be  cut  from  it 

At  the  Sapphire  and  Whitewater  corundum  mines,  near  Sapphire 
Jackson  County,  N.  C,  fragments  of  sapphire  of  a  fine  blue  color  havr 
been  found,  from  which  small  but  good  gems  have  been  cut. 

Associated  with  the  green  amphibolite  rock  near  Elf  post-office 
Clay  County,  N.  C.,  deep-blue  sapphires  have  been  sparingly  found 
These  bear  the  same  relation  to  the  amphibolite  as  the  red  and  pinl 
sapphire  described  on  page  104. 

MONTANA. 

MISSOURI    RIVER. 

Systematic  mining  for  sapphires  in  the  United  States  has  beei 
undertaken  only  in  Montana.  Sapphires  were  first  found  in  thi 
State  by  miners  who  were  washing  the  gravels  of  the  bars  on  the  Mis 
souri  River,  east  of  Helena,  for  gold.  These  were  first  described  ii 
1878  by  Dr.  J.  Law^rence  Smith,«  but  it  w^as  not  until  1891  that  actua 
mining  Avas  begun.  During  that  year  a  number  of  companies  wer 
organized  to  work  these  bars  for  sapphires. 

These  bars  are  located  from  12  to  18  miles  east  and  northeast  o 
Helena,  and  have  been  followed  for  a  distance  of  about  12  miles  fron 
Canyon  Ferry  down  the  river  to  American  Bar.  At  various  interval 
the  bars  have  been  worked  for  the  sapphires  and  are  designated  \r 
the  following  names,  starting  with  the  one  that  is  farthest  up  th 

«  Am.  Jour.  Sci.,  3(1  ser.,  vol.  G,  1873,  p.  185. 
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river:  Emerald  Bar,  Cheyenne  Bar.  French  Bar,  Spokane  l^ar.  Met- 
ropolitan Bar,  Eldorado  Bar,  Dana  Bar,  and  American  Bar.  The 
location  of  these  bars  is  shown  on  the  map  (PI.  VI). 

A  few  sapphires  have  been  found  as  far  down  the  river  as  Bear- 
tooth,  but  sapphires  have  not  been  found  in  lar^je  quantity  below 
American  Bar. 

Above  Emerald  Bar  no  sapphires  have  been  found  on  any  of 
the  bars,  but  in  the  gravel  of  Mag-pie  Gulch,  less  than  a  mile  above 
P^merald  Bar  (at  Canyon  Ferry),  many  have  been  found  by  miners 
who  were  washing  the  gravel  for  gold.  Xo  sapphires  have  been 
found  in  place  in  this  gulch,  but  Kunz "  has  noted  the  occurrence  of 
some  in  a  dike  of  vesicular  mica-augite-andesite  which  is  about  6  feet 
wide  and  cuts  through  the  green  slate  beloAv  the  gravels.  At  French 
Bar,  about  3  miles  below  Canyon  Ferry,  a  narrow  dike,  3  to  6  feet 
in  width,  that  had  greenish  sapphires  scattered  sparingly  through  it 
was  found  in  1900.  This  dike  was  encountered  about  50  feet  above 
the  river  and  its  strike  as  it  cuts  through  the  slate  is  X.  10°  E.,  the  dip 
being  about  -1:5°  W.  This  rock  is  undoubtedh^  of  the  same  character 
as  that  described  by  Kunz  as  occurring  at  Ruby  Bar. 

From  the  occurrence  of  these  two  corundum-bearing  dikes  of  andes- 
ite  it  would  seem  that  the  source  of  the  sapphires  found  in  the  various 
bars  along  the  Missouri  River  is  a  series  of  small  parallel  dikes  with 
a  slight  northeast-southwest  trend,  like  those  described.  As  the 
sapphires  are  scattered  so  sparingly  through  these  dikes,  the  amount 
of  decomposition  and  erosion  that  was  required  to  liberate  those  that 
are  now  found  in  the  gravels  must  have  been  enormous. 

The  beds  of  gravel  in  which  the  sapphires  occur  are  from  10  to  50 
feet  thick  and  rest  for  the  most  part  upon  slate,  in  blulfs  that  rise 
nearly  50  feet  above  the  river.  At  Emerald  Bar  the  gravel  beds  are 
nearly  130  feet  above  the  river  and  rest  upon  granite  rock. 

Most  of  the  mining  has  been  done  at  Spokane  and  Eldorado  bars. 
The  former  locality  is  near  the  center  of  the  sapphire  deposits  and  on 
the  west  side  of  the  river  about  16  miles  due  east  of  Helena.  In  1895 
these  beds  of  gravel,  which  are  8  to  18  feet  thick,  were  extensiA^ely 
mined  b}^  an  English  companj^  known  as  the  Montana  Sapphire  and 
Ruby  Company.  The  gravels  were  washed  by  hydraulic  methods  and 
a  great  many  gems  were  obtained,  most  of  which  were  sent  to  Eng- 
land. This  company  also  controlled  or  owned  French  Bar  and  Dana 
Bar  on  the  west  side  of  the  river  and  Eldorado  Bar  on  the  east  side. 
It  was  reorganized  in  1897  as  an  American  company,  known  as  the 
Eldorado  Gold  and  Gem  Company,  with  A.  X.  Spratt,  of  Oakland, 
Cal.,  president,  and  Frank  Spratt,  of  Helena,  Mont.,  manager.     Xo 


«  Mineral.  Mag.,  vol.  9,  1891,  No.  44,  p.  396. 
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work  has  been  done  at  any  of  the  bars  by  the  present  companA? 
This  bar  is  shown  in  fig.  15,  the  bhiti'  rising  from  the  river  being  8i 
to  50  feet  high. 

Directly  across  the  river  from  Spokane  Bar,  but  about  three 
fourtlis  of  a  mile  from  the  river,  is  Metropolitan  Bar,  which  wa 
worked  during  the  summer  of  1890  by  different  men  who  had  stake( 
out  individual  claims.  The  gravels  are  from  G  to  20  feet  thick,  ani 
are  washed  in  hand  rockers,  the  water  being  obtained  from  shallow 
wells.  Several  of  the  claims  were  owned  l)y  Robbin  Bird,  Charle 
Johnson,  and  John  Durrant,  of  Helena,  Mont. 


tf^^^..:4>s^*»A-  ^* 
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Fk;.  15.^ — Spokiino  Rnr  sapphire  deposits,  I.ewis  and  Claris  County,  Mont. 

Above  Spokane  Bar,  at  French  Bar,  Cheyenne  Bar,  and  Emera] 
Bar,  no  regular  mining  has  been  done  during  the  last  fcAV  years,  bi 
frequently  different  persons  have  worked  in  the  old  drifts  for  a  fe 
days  at  a  time,  washing  by  hand  the  gravel  obtained. 

A  large  part  of  the  work  done  at  Emerald  Bar  has  been  undi 
ground,  by  means  of  shaft  and  drifts.  Henry  Crittenden,  of  Cany( 
Ferry,  has  done  a  large  part  of  the  work  here,  and  still  controls  t) 
deposits. 

Below  Spokane  Bar,  at  Dana  Bar,  Eldorado  Bar,  and  Americs 
Bar,  there  has  been  no  mining  for  sapphires  for  a  number  of  years. 

As  mining  investments  these  sapphire  deposits  have  not  thus  f 
been  financially  successful,  partly  on  account  of  the  heavy  capital iz 
tion  of  the  companies  which  have  bought  the  mines  and  partly 
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account  of  the  color  of  the  stones.  The}^  are,  for  the  most  i)art,  of  a 
pale-green isli  or  greenish-yellow  color,  and  do  not  connnand  ;i  very 
high  price  in  the  market.  Occasionally  ])iid<  and  yellow  ones  have 
,i.|,f  3een  found  that  have  cut  good  gems.  Stones  approaching  a  red  or 
jlue  color  are,  however,  extremely  rare. 

There  are  still  a  great  many  sapi)hircs  in  the  gravels  that  have  not 
been   worked,   but  on   account  of  their  color   it   is  rather  doubtful 
whether  under  the  most  favorable  conditions  it  wull  i)ay  to  mine  them. 
The  cr3^stals  from  all  these  l)ars  show  the  same  development,  and 
are  prismatic  in  habit.     The  prism,  a  (1120),  is  always  present,  and 
is  usually  in  combination  with  the  base,  v  (0001),  and  the  unit  rhom- 
bohedron,  /•  (1011),  as  represented  in  fig.  16,  A.     Some  of  tlie  crystals 
ave  the  prism  very  short  and  the  rhombohedroii  is  Avanting,  giving 
the  crystal  a  very  tabular  appearance  (fig.  10,  B).     A  pyramid  of  the 
lecond  order,  n  (2243),  was  observed  on  some  of  the  crystals  in  addi- 
ion  to  the  base  and  unit  rhombohedroii,  and  is  represented  in  fig. 
[6,  C. 
The  crystals  are  usually  rough  and  more  or  less  striated,  so  that  no 
leasurement  could  be  made  upon  the  reflecting  goniometer,  but  suf- 


(p 


A.  B.  a. 

Fig.  16. — Sapphire  crystals  from  Missouri  River  bars,  Montana. 

ficiently  accurate  measurements  could  be  obtained  with  the  contact 

-  goniometer  to  identify  the  faces. 

The  largest  crystal  that  has  been  observed  from  an}^  of  these  bars 

,jl  jwas  one  from  Eldorado  Bar  that  was  nearly  an  inch  long  and  three- 

1,1  pighths  of  an  inch  in  diameter. 

f(i]    A  repeated  growth  was  observed  on  some  of  these  crystals,  but  not 
|in  the  variety  of  forms  seen  in  the  Cowee  rubies  (p.  101)  and  the  Togo 

i,(l(iGulch  sapphires  (p.  113).     Only  one  form  of  grow^th  was  observed. 

jJrepresented  in  fig.  16,  A,  which  is  a  combination  of  the  unit  rhombo- 

,j|hedron  and  the  base. 

Since  the  discovery  and  mining  of  sapphires  from  the  Missouri 
River  bars  sapphires  have  been  found  at  three  other  localities  in  Mon- 
tana— at  Kock  Creek,  Granite  County;  at  Cottonwood  Creek,  Deer- 
lodge  County,  and  at  Yogo  Gulch,  Fergus  County. 

The  first  two  localities  are  about  80  and  30  miles,  respectively, 
southwest  of  those  on  the  Missouri  River,  and  the  last  one  is  about  80 
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miles  to  the  northeast.  From  these  sapphire  deposits  stones  o: 
deeper  colors  have  been  obtained.  Those  from  the  first  two  are  o: 
all  colors  from  blue  to  red,  and  those  from  the  last  are  all  blue. 

ROCK    CREEK. 

For  information  concerning  the  sapphire  deposits  of  Rock  C^reek  " 
am  indebted  to  Mr.  William  Knuth,  of  Helena.  All  the  sapphire 
that  have  thus  far  been  found  in  this  section  are  in  the  gravel  deposit 
on  the  West  Fork  of  Rock  or  Stony  Creek,  in  the  southern  part  o 
(Iranite  County,  about  25  miles  southwest  of  Philipsburg,  the  count; 
seat,  and  30  miles  nearly  Avest  of  Anaconda,  Deerlodge  County 
(PI.  VL)  ^ 

The  sapphires  are  found  in  a  rather  limited  area,  which  is  bounde( 
roughly  by  the  gravels  of  Cold  Creek,  Myers  Creek,  tributaries  of  th 
West  Fork  of  Rock  Creek,  and  that  portion  of  Rock  Creek  lyin^ 
between  them. 

These  gravels  were  extensively  worked  during  the  summers  of  1891 
and  1900,  pi'incipally  by  Messrs.  William  Knuth,  of  Helena,  an( 
William  MofRtt,  of  Philipsburg.  Altogether  about  100,000  carat 
of  rough  sapphires  were  obtained.  Of  these  about  25,000  carats  ar 
fit  for  cutting.  In  color  they  are  much  more  varied  than  those  f roi] 
the  Missouri  River  bars,  and  the  prevailing  color,  which  is  greenisj 
to  bluish  green,  is  deeper.  No  deep-blue  sapphires  like  the  orienta 
stones  have  been  found,  but  paler  blue  ones  have  been  obtained,  froii 
w^hich  very  handsome  sapphires  2  or  3  carats  in  weight  have  b?en  cul 
Some  of  the  finest  yellow  sapphires  (oriental  topaz)  that  I  have  eve 
seen  have  been  found  at  Rock  Creek.  One  of  these  weighed  nearly 
carats  when  cut.  Pale  green  and  bluish  green  are  among  the  com 
mon  stones,  some  cutting  gems  of  5  to  8  carats  in  Aveight.  A  numbe 
of  beautiful  pink  sapphires  have  also  been  found. 

Few  red  and  ruby-colored  crystals  have  been  found,  and  none  tha 
would  cut  a  gem  over^i  twelfth  of  a  carat  in  weight.  These  colors  ar 
extremely  rare  in  the  Montana  sapphire  deposits. 

The  crystals  and  fragments  of  sai)phires  that  are  found  in  the& 
gravels  do  not  show  as  much  abrasion  as  those  from  the  Missoui 
River,  probably  because  they  have  been  carried  a  shorter  distant 
from  Avhere  they  originated. 

In  habit  the  crystals  are  very  similar  to  those  already  describe 
from  the  Missouri  River,  and  fig.  16  will  also  illustrate  very  Avell  th 
character  of  the  Rock  Creek  crystals.  One  type  that  is  very  notice 
able  is  a  short  prismatic  crystal  whose  diameter  nearly  equals  il 
length.  A  parallel  groAvth  on  the  basal  plane  is  only  occasicmall 
observed,  jnid  is  composed  of  the  basal  plane  and  imit  rhombohedroi 

No  sappliires  have  as  yet  been  found  in  place,  but  a  few  have  bee 
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(  found  ill  the  gravels  that  were  eiubexhled  hi  the  original  matrix.  Mr. 
Knuth,  to  whom  I  showed  a  specimen  of  the  andesite  containing  sa])- 
phires  from  French  Bar,  said  that  it  very  closely  resemhh'd  the  small 
fragments  of  rock  carrying  sai)i)hires  that  he  had  found  at  Kock 
Creek.  It  is  not  at  all  im})r()l)al)le  that  these  sap])hires  originated 
in  the  same  type  of  rock  as  those  of  the  Missouri  Kiver  and  that 
small  dikes  of  andesite  will  be  found  in  the  divide  betweeii  Myers. 
Cold,  and  Quartz  creeks.  A  very  few  sapphires  have  been  found  on 
Quartz  Creek. 

Although  the  sapphire  gems  from  Rock  Creek  do  not  command  so 
high  a  price  as  the  rub}^  and  the  deep-blue  sapphires,  and  are  regarded 
more  as  fancy  stones,  they  are  coming  to  be  quite  highly  prized  by 
Uiany  who  are  acquainted  with  them.  As  yet  but  fcAv  of  the  Rocic 
Creek  sapphires  have  been  put  on  the  market  except  locally  at  Helena. 


COTTONWOOD    CREEK. 


The  sapphire  deposits  on  Cottonwood  Creek  are  in  Pow^ell  County, 
about  W  miles  southwest  of  Helena  and  10  miles  east  of  Deerlodge, 
the  county  seat.  There  has  not  been  a  great  deal  of  work  done 
on  this  creek,  so  that  the  extent  of  the  sapphire-bearing  gravels  is  not 
known.  The  sapphires  are  similar  in  character  to  those  of  Rock 
Creek,  but  they  are  apt  to  be  of  lighter  color  and  not  of  such  a 
variety  of  colors.  Not  sufficient  Avork  has  been  done  at  this  locality 
to  determine  the  importance  of  the  deposits. 


:lll}ei 


YOGO   GULCH. 


The  sapphires  that  are  the  most  widely  known  and  that  have 
attracted  the  most  attention  have  been  obtained  in  Fergus  County, 
near  the  entrance  of  Yogo  Gulch,  on  the  Yogo  Fork  of  Judith  River. 
This  locality  is  on  the  eastern  slope  of  Prospect  Ridge  of  the  Little 
^™t  Belt  Mountains,  about  75  miles  northeast  of  Helena  and  15  nules  a 
little  south  of  west  of  Utica,  w-hich  is  the  nearest  town,  and  which  is 
on  the  Judith  stage  line.  The  sapphires  w^ere  first  found  in  the  grav- 
1  els  of  Yogo  Fork,  and  in  following  these  up  the  creek  their  original 
source  was  located  in  dikes  that  extend  across  the  country  for  a  mile 
and  a  half.*     The  location  of  these  deposits  is  shown  in  fig.  IT. 

In  PI.  VII,  x4,  is  shoAvn  the  appearance  of  the  country  in  which 
'*' these  mines  are  located.  In  the  foreground  is  one  of  the  shafts;  it 
was  started  in  1897. 

There  are  two  parallel  dikes  about  800  feet  apart,  with  a  general 
east-west  trend,  which  vary  in  width  from  15  to  75  feet.  The  miner- 
alogical  com])osition  of  the  rock  shoAvs  that  it  has  a  close  affinity  with 
minette  and  shonkinite,  as  described  on  page  47. 


lee 


c  Weed,  W.   H.,  Twentietli  Ami.   Kept.   I'.  S.  (Jeol.   Survey,   pi.  .!.   tS9!),  pp.   4r>4-400. 
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The  alluvial  deposits  beloAv  these  dikes  have  been  pretty  thoroughly 
worked  for  the  sapphires,  and  mining  operations  are  now  confined 
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iilmost  entirely  to  the  dikes  themselves.     These  dikes,  the  npper  por 
tion  of  which  is  thoroughly  decomposed,  have  been  worked  by  mean: 
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SAPPHIRE    DISTRICT    NEAR    YOGO    GULCH,    FERGUS    COUNTY,    MONT. 


A,  Typical  view,  showing  mining  shaft  in  foreground  and  Ricard  Peak  in  distance  ;    B,  face  of  dike  in  open 
cut,  showing  brecciated  character.     After  W.  H.  Weed. 
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nf  shafts  and  open  cuts,  the  limestone  making  fairly  firm  walls.  By 
hydraulic  processes  the  decomposed  rock  was  readily  broken  up  and 
\vashed  into  sluice  boxes.  As  the  mining  extended  deeper  the  rock 
\\  as  much  less  altered,  and  it  was  necessary  to  leave  a  great  deal  of  it 
exposed  to  the  atmosphere  from  one  season  to  the  next  before  it  could 
I  >e  broken  up  and  run  through  the  sluice  boxes.  At  a  number  of  points 
I  he  almost  perfectly  fresh  rock  has  been  encountered,  and  from  this 
it  will  be  a  difficult  problem  to  separate  the  sapphires.  The  per- 
centage of  sapphires  in  the  rock  is  small,  and  if  it  were  the  unaltered 
lock  that  had  to  be  worked  for  them  the  deposit  would  not  be  of 
<c()nomic  importance.  This  dike  as  exposed  in  the  main  workings  of 
the  mine  is  illustrated  in  PL  VII,  5,  which  shows  the  brecciated 
character  of  the  dike,  as  described. 

The  sapphires  occur  embedded  in  this  rock  in  distinct  crystals  from 
less  than  a  millimeter  in  diameter  to  some  that  were  over  15  mm. 
Their  color,  as  far  as  I  have  observed  them,  is  always  a  blue,  varying 
I'rom  light  blue  to  a  very  few  that  showed  the  dark  blue  of  the  Ceylon 
-tone.     The  prevailing  color  is  a  bright  blue.^^ 

Although  the  color  of  these  sapphires  is  not  as  dark  as  the  highly 
prized  Ceylon  and  Siam  stones,  they  show  a  richness  and  brillianc^y 
not  equaled  by  the  oriental  stone.  They  not  only  show  a  strong,  rich 
color  by  transmitted  light,  but  their  color  is  almost  as  good  by 
reflected  light.  Then,  again,  although  many  blue  sapphires  make 
beautiful  day  stones,  but  are  dull  at  night,  the  Yogo  sapphire  is  very 
brilliant  at  night  as  well  as  in  the  day. 

The  crystallography  of  these  sapphires  is  markedly  different  from 
that  of  the  sapphires  of  the  Missouri  River  and  Rock  Creek  (j). 
109).  The  latter  all  show  a  prismatic  development,  while  the  former 
are  all  rhombohedral  crystals,  none  of  which  show  the  presence  of  any 
prism  face.^ 

The  crystals  are  etched  and  striated  to  such  a  degree  that  no  crys- 
tallographic  measurements  on  the  reflecting  goniometer  were  pos- 
sible; but  sufficiently  accurate  angles  were  obtained  with  the  contact 
goniometer  to  permit  the  identification  of  the  faces.  The  only  two 
faces  that  could  be  identified  were  the  base  c  (0001)  and  the  rhombo- 
hedron  x  (3032),  which  is  a  new  face  for  corundum.  On  one  crystal 
two  very  small  faces  were  observed,  which  were  too  small  to  be 
measured  with  the  contact  goniometer,  but  were  probably  the  faces  of 
a  pyramid  of  the  second  order. 

In  determining  the  rhombohedron,  ten  or  more  independent  meas- 
urements were  made  of  c/\x.     These  varied   from  66°  to  68°,  but 


Kunz,  O.  F..  Am.  Jour.   Sci.,  4th  ser.,  vol.  4.   1897,  p.  420. 
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approximated  closely  to  67°,  which  agrees  very  well  with  the  calcu- 
lated value,  67°  3',  for  0001  >  3032.  These  crystals  are  represented 
on  PL  VIII. 

The  crystals  are  developed  as  shown  in  figs.  1,  2,  and  3,  of  PL  VIII, 
the  prevailing  type  being  like  fig.  3  of  PL  VIII.  The  crystals  vary 
from  those  where  the  base  is  very  largely  developed,  having  a  diam- 
eter of  8  mm.,  while  the  rhombohedron  is  only  1  mm.,  to  those  that 
have  the  base  and  the  rhombohedron  equally  developed  (fig.  1  of 
PL  VIII).  Where  the  faces  are  more  equally  developed,  the  rhom- 
bohedral  faces  are  generally  rounded. 

The  basal  plane  often  shows  characteristic  striations  which  are 
parallel  to  the  three  intersections  of  the  base  c  and  the  rhombohedron 
x^  as  shown  in  fig.  4  of  PL  VIII.  These  lines  are  sharp  and  distinct, 
and  on  the  very  flat  crystals  can  easily  be  measured  when  examined 
under  the  microscope.  The  rhombohedral  faces  are  very  roughly 
striated  without  showing  any  distinct  parallel  lines. 

One  very  common  development  of  these  crystals  is  a  repeated 
growth  on  the  basal  plane  of  the  rhombohedron  x  (3032)  and  the  base 
c  (0001),  as  represented  in  fig.  2  of  PL  VIII.  These  growths  are 
exceedingly  varied,  as  shown  in  figs.  11-14  of  PL  VIII,  where  they  are 
drawn  in  basal  projection.  In  fig.  11  of  PL  VIII  there  is  but  one  sec- 
ondary rhombohedron  and  base,  which  has  one  of  its  rhombohedral 
faces  a  continuation  of  one  of  the  rhombohedral  faces  of  the  crystal. 
Fig.  12  of  PL  VIII  represents  a  repeated  growth,  each  face  of  which 
is  entirely  distinct  from  the  faces  of  the  main  crystal.  In  fig.'  13  of 
PL  VIII  there  are  represented  two,  and  in  fig.  14  of  PL  VIII  a  series 
of  such  growths,  where  a  number  of  the  rhombohedral  faces  coincide. 
These  growths  occur  most  frequently  on  the  flat  crystals.  The  thick- 
ness of  the  rhombohedrons  rarely  reaches  1  mm.,  and  often  they  are 
so  thin  that  they  appear  like  striations. 

This  repeated  growth  is  very  similar  to  that  described  as  occurring 
on  the  Cowee  rubies  (p.  103).  Bauer ,«  in  an  article  entitled  "  Ueber 
das  Vorkommen  der  Rubine  in  Birma,"  has  described  this  same  style 
of  development  as  occurring  on  the  Burma  rubies,  but  it  is  not  ^-o 
general  as  on  the  Montana  corundums. 

Etching  fgures.^ — The  etching  figures  which  were  observed  on 
nearly  all  the  crystals  examined  were  on  the  basal  plane.  The  fig- 
ures are  very  perfect,  and  although  showing  many  different  forms, 
they  all  have  a  rhombohedral  symmetry.  Fig.  5  of  PL  VIII  rej^re- 
sents  the  common  etching  figure,  which  is  a  rhombohedral  depression 
terminating  in  a  point.     The  edges  of  the  depression  are  sharp  and 


"  Nenes  .Tahrbuch  fiir  Mineral.,  Geol.  und  Pal.,  vol.  11,  1S0(>.  p.  200. 
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well  defined,  as  are  also  the  intersections  of  the  rhonibohedral  faces 
of  the  depression.  These  rhonibohedral  faces  were  smooth  and  *^ave 
fair  reflections  of  the  signal  on  the  reflecting  goniometer.  In  meas- 
uring them  the  entire  crystal  except  the  depression  to  be  measurcvl 
was  covered  with  a  thin  coating  of  wax.  Two  difl'erent  crystals  were 
measured,  which  gave  for  rhombohedron  on  rhombohedron  22°  IW ; 
this  corresponds  to  the  rhombohedron  1017,  for  which  the  calculated 
value  is  21°  50'.  Figures  of  the  same  style  Avere  observed  whose  edges 
were  parallel  to  those  of  the  negative  rhombohedron ;  these,  however, 
are  not  common  in  isolated  forms. 

Another  common  form  is  represented  in  figs.  7  and  9  of  PI.  VIII, 
where  the  depression  is  bounded  by  the  basal  plane,  which  at  times  is 
so  large  that  the  rhombohedral  plane  is  hardly  visible.  Fig.  G  of  PI. 
VIII  represents  etching  figures,  where,  on  the  basal  ])lane  of  a  shallow 
depression,  there  is  one  additional  etching  figure  and  sometimes  Iavo. 
These  second  etching  figures  are  like  the  common  ones  shown  in  fig.  5 
of  PL  VIII.  The  outer  rhombohedral  contour  of  these  figures  is  gen- 
erally rounded.  This  is  also  usually  the  case  with  the  deeper  depres- 
sions. 

Often  the  etching  figures  are  intergrown  (fig.  8  of  PL  VIII),  and 
when  many  of  these  occur  together  they  have  the  appearance  of 
raised  figures  rather  than  of  depressions.  This  raised  appearance  is 
very  striking  when  there  is  a  combination  of  the  plus  and  minus 
rhombohedron  m  parallel  position  and  without  overlapping  (fig.  10 
of  PL  VIII). 

The  figures  vary  considerably  in  size,  but  most  of  them  are  about 
1  mm.  in  diameter.  A  few  were  observed  that  were  nearly  2  mm.  in 
diameter. 

Bauer «  has  described  etching  figures  that  he  observed  on  the  base 
0001  and  the  pyramid  2213  of  the  Burma  rubies.  Those  on  the  base 
are  similar  to  the  figures  in  fig.  5  of  PL  VIII,  except  that  the  outside 
contour  of  the  rhombohedron  is  rounded. 

The  largest  rough  stones  that  have  been  found  weighed  11  to  12 
carats,  and  from  these  were  cut  gems  weighing  5  to  (>  carats.  One 
of  the  better  stones  taken  out  during  the  season  of  1899  weighed  4 
carats  Avhen  cut  and  is  valued  at  over  $75  a  carat.  All  of  the  mate- 
rial is  shipped  to  London. 

The  two  companies  operating  these  sapphire  deposits  are  the  New 
Sapphire  Mines  Syndicate  and  The  American  Gem  Company. 

That  the  American  gems  are  appreciatinl  is  shown  by  the  hn-ge 
orders  that  are  received  for  them  fi'om  Paris,  London,  and  New  York. 
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Near  Norris,  Madison  County,  Mont.,  Mr.  A.  ^y.  Tanner  reports 
the  finding  of  considerable  corundum  of  ^em  (juality  in  his  concen- 
trates from  gokl-placer  mining.  One  piece  of  corundum  showing 
good  red  and  green  colors  weighed  8  ounces,  and  one  piece  of  ruby^ 
corundum  weighed  588J  carats. 

IDAHO. 

Semitransparent  to  translucent  corundum  of  various  shades  of  blue 
and  green  has  been  found  in  many  of  the  gravel  deposits  in  the 
vicinity  of  Pierce,  Shoshone  County,  Idaho,  especially  those  on 
Khodes  and  Orofino  creeks.  Associated  w^ith  the  conuidum  are 
rutile,  menaccanite,  and  garnet.  This  corundum  was  discovered  ])y 
Mr.  Victor  C.  Heikes  in  connection  with  the  black-sand  investigations 
at  Portland,  Oreg. 

CORUNDUM. 

Under  this  head  are  included  all  the  translucent  to  opaque  varieties 
of  all  colors,  subdivided  into  block,  crystal,  and  sand  corundum. 
A  sharp  line  can  be  drawn  betAveen  corundum  and  emery,  but  no 
such  distinction  can  l)e  made  betAveen  corundum  and  sapphire;  for 
many  pieces  of  corundum  are  found  that  have  transparent  i)ortions, 
and  many  sapphire  gems  haA^e  been  found  in  masses  of  corundum  tliat 
AA^ere  being  mined  for  abrasive  })urposes. 

In  the  folloAving  descriptions  corundum  deposits  liaA^e  been  taken  u]:) 
by  States,  approximately  in  the  order  of  importance.  Many  of 
the  localities  are  briefly  noticed,  but  the  larger  and  more  important 
deposits  are  described  in  detail. 

NORTH  CAROLINA. 

This  State  presents  the  greatest  development  both  of  peridotite  and 
corundum.  The  peridotite  belt  here  attains  its  greatest  Avidth,  and  the 
largest  outcrops  of  chrysolitic  rocks  in  the  Atlantic  States  are  found 
in  its  soutliAvestern  counties.  As  indicated  on  the  map  ( PL  XV) ,  corun- 
dum occurs  in  Clay,  Macon,  Jackson,  Haywood,  Transylvania,  Bun- 
combe, Madison,  Yancey,  and  Mitchell  counties  along  the  belt  of 
basic  magnesian  rocks ;  and  it  is  found  east  of  the  Blue  Ridge  in  the 
counties  of  Clev^eland,  Burke,  Gaston,  Alexander,  Iredell,  and 
Guilford,  these  localities  east  of  the  Blue  Ridge,  howcA^er,  not  appear- 
ing on  the  map.  In  the  folloAving  descri]:)tions  only  those  deposits 
liaA^e  been  considered  AAdiich  have  l^een  mined  for  corundum  or  Avhich 
hold  out  a  promising  })rospect  for  the  mineral.  These  Avill  be  taken 
up  by  counties,  beginning  Avith  the  more  important  ones. 
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MA(<)X    COUNTY 


Corutidiiin  Hill  inhic. — Coriindmn  was  first  discovered  in  Macon 
County  in  1870  at  wliat  is  known  as  the  Corundum  Hill  mine,  and 
niinino'  was  begun  here  about  a  year  later.  This  mine  has  become  one 
of  the  most  imj)()rtant  corundum  (le])osits  in  this  country.  It  is  sit- 
uated about  iS  miles  southeast  of  Franklin,  the  county  seat,  on  the 
northeast  side  of  Cullasao-ee  Creek,  a  ti'ibutary  of  the  Little  Tennes- 
see River. 


Dunite.  Gneiss.  Mica-schist.  Conuiduiii  workings. 

Pig.  18. — Map  of  the  peridotite  formation  at  <'oniiidum  Hill,   Macon  County,  N.  C. 


The  corundum  found  at  this  mine  occurs  in  peridotite  rock,  which 
has  been  worked  very  extensively,  especially  near  the  contact  of  this 
rock  with  gneiss.  PL  IX  gives  a  general  view  of  this  peridotite  for- 
mation, and  shows  to  a  certain  extent  the  number  of  openings  that 
have  been  made  in  it.  The  hill  is  about  350  feet  high,  the  summit 
being  about  500  feet  above  the  level  of  Cullasagee  Creek.  Fig.  18  is 
a  topographic  map  of  this  same  peridotite  formation,  and  shows  the 
location  of  the  various  mines.  The  formation  is  a  rather  blunt  lens- 
shaped  mass  of  the  dimite  variety  of  peridotite,  and  has  about   10 
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acres  of  surface,  over  most  of  which  the  rock  is  exposed.  As  is  seen 
from  this  map,  most  of  the  mines  are  located  near  the  contact  of  the 
dunite  with  the  gneiss  or  schist,  and  follow  contact  veins  of  corun- 
dum. A  number  of  interior  veins  have  been  worked  within  the  for- 
mation, but,  with  the  exception  of  the  one  marked  "  Shaft "  on  the 
map,  they  have  all  soon  pinched  out. 

Most  of  the  mining  has  been  done  on  the  south  side  of  the  forma- 
tion, where  was  encountered  what  is  known  as  the  Big  vein.  This 
was  first  mined  by  means  of  open  cuts  and  later  by  tunnels,  the  last 
one  being  about  300  feet  below  the  summit  of  the  hill.  PI.  X  is  a 
view  of  the  entrance  to  this  tunnel,  and  shows  the  peridotite  rock  on 
the  left  and  the  gneiss  on  the  right  beyond  the  cut.  For  nearly  the 
w^hole  distance  of  the  southern  boundary  of  the  dunite  formation  a  cut 
has  been  made  following  the  contour  of  the  hill.  This  cut  was  some- 
times wholly  within  the  gneiss,  at  other  times  wholly  within  the  peri- 
dotite, and  again  cutting  directly  on  the  contact.  The  tunnels  are  all 
to  the  left  of  the  cut,  and  they  have  encountered  corundum  almost 
continuously  for  a  distance  of  1,280  feet,  reaching  nearly  to  the  south- 
east boundary  of  the  formation.  PL  XI  is  a  view  of  the  upper  or 
southeastern  end  of  this  cut,  showing  the  peridotite  on  the  left  and  the 
gneiss  and  schist  on  the  right.  The  upper  part  of  this  cut  is  known 
as  the  Stanfield  mine.  A  tunnel  has  been  run  into  the  hill  near  the 
contact,  at  the  head  of  which  the  vein  of  corundum  is  8  to  10  feet 
wide.     No  work  has  been  done  at  this  mine  for  a  number  of  years. 

On  the  northeast  side  of  this  formation  is  what  is  known  as  the  Zeb 
Jones  mine,  where  there  was  exposed  (July,  1899)  a  bench  of  ore  25 
feet  in  depth  and  2  to  5  feet  in  width,  uncovered  for  a  distance  of 
50  feet,  which  averaged  very  close  to  50  per  cent  corundum.  This 
vein  carries  what  is  known  as  "  buckwheat  "  corundum,  which,  as  its 
name  suggests,  is  made  up  of  small,  irregular  particles  of  corundum 
about  the  size  of  buckwheat  grains. 

Numerous  interior  veins  have  been  found  and  worked,  but  they  can 
be  mined  profitably  only  when  they  are  worked  in  conjunction  with 
large  border  veins,  for  the  reason  that  they  are  very  likely  to  pinch 
out  after  being  worked  for  a  short  time. 

From  these  various  openings,  collectively  known  as  the  Corundum 
Hill  mine,  block,  crystal,  and  sand  corundum  ores  have  been  obtained, 
all  of  which  can  be  readily  cleaned  to  make  a  commercial  product 
that  can  be  used  in  the  manufacture  of  any  kind  of  corundum  wheel. 
A  small  quantity  of  garnet  is  occasionally  found  associated  with  the 
corundum  in  the  vein  along  the  southern  contact,  but  this  portion  of 
the  ore  can  be  readily  eliminated  by  hand  cobl)ing  at  the  mine.  This 
property  is  now  owned  by  the  International  Corundum  and  Emery 
Company,  of  New  York,  N.  Y. 
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UPPER    END    OF    BIG    CUT   AT   CORUNDUM    HILL    MINE,    MACON    COUNTV,    N.    C. 
Peridotite  on  left  and  gneiss  and  schist  on  right. 
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The  water  of  Cullasagee  Creek  is  utilized  I'or  the  washing  aiul 
cleaning  machinery  of  the  mill,  which  is  h)cate(l  about  a  mile  and  a 
half  below  the  mine,  at  Cullasagee.  A  line  of  sluice  boxes  connects 
the  mine  Avith  the  mill,  and  all  the  corundum  ore  that  can  be  readily 
broken  to  pieces  is  carried  down  to  the  mill  in  these  boxes. 

There  are  many  ()utcr()])s  of  peridotite  on  Klli  jay  Creek,  a  few  miles 
north  of  Cullasagee,  and  at  many  of  them  corundum  has  been  found. 
The  most  work  that  has  been  done  is  at  the  Mincey  mine,  which  is 
2  miles  northwest  of  the  Corundum  Hill  mine.  At  this  locality  a 
considerable  quantity  of  corundum  has  been  taken  out,  which  was 
carried  to  the  mill  at  Cullasagee  and  cleaned.  1^1.  XII  is  a  view  of 
this  open  cut,  which  was  entirely  within  the  formaticm.  Judging  by 
the  quantity  of  corundum  obtained  and  by  that  found  near  the  (con- 
tact of  the  peridotite  with  the  gneiss,  there  are  good  indications  of  the 
existence  of  corundum  in  quantity  along  the  contact.  The  corundum 
that  r/as  obtained  at  this  mine  was  hauled  by  wagons  to  the  Corun- 
dum Hill  mine,  where  it  was  cleaned.  This  property  is  owned  by 
the  Internatiomil  Corundum  and  Emery  Company,  of  New  ^  ork, 
N.  Y. 

Between  the  Corundum  Hill  and  Mincey  mines  there  is  a  bold 
outcrop  of  peridotite  on  the  Gray  propert}^,  covering  about  the  same 
surface  as  that  at  Corundum  Hill.  Although  there  has  been  no  min- 
ing here,  the  little  prospecting  that  has  been  done  has  shown  corun- 
dmn  to  be  very  thickly  scattered  along  the  loAver  borders  of  the 
formation,  and  many  small  pits  that  have  been  sunk  within  the  for- 
mation have  encountered  corundum.  This,  in  my  opinion,  is  one  of 
the  most  promising  prospects  for  corundum  in  Macon  County. 

A  great  many  of  the  peridotite  formations  along  Ellijay  Creek 
have  been  worked  a  little  at  different  times,  and  these  are  mentioned 
in  the  lists  of  corundum  localities  (p.  147). 

She-fjisld  mine. — This  mine  is  in  Cowee  Township,  about  7  miles 
northeast  of  Franklin,  the  county  seat,  just  north  of  Cowee  Creek. 
The  corundum  occurs  here  in  amphibole-schist,  and  is  described  on 
pages  57-59.  On  account  of  the  depth  to  which  decomposition  has 
extended,  the  solid  rock  was  observed  only  in  the  lower  portions  of 
the  87-foot  shaft,  so  that  nothing  definite  is  known  of  this  corundum- 
bearing  amphibole-schist.  The  corundum,  Avhich  is  pink  in  color  and 
which  occurs  in  oval-shaped  nodules  up  to  an  inch  in  diameter,  has 
been  pretty  thoroughly  mined  down  to  the  hard  rock.  The  corundum 
is  of  good  quality,  and  some  preliminary  tests  have  shown  that  it  is 
well  adapted  to  the  manufacture  of  the  vitrified  wheel.  On  account 
of  the  low  percentage  of  corundum  in  the  rock,  it  is  not  at  the  present 
time  a  profitable  corundum  ore. 
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Tlie  saprolitic  ore  is  readily  cleaned,  and  furnishes  a  nearly  pure 
commercial  product.     A  small  mill  has  been  erected  here. 

Reed  or  Watauga  mine. — At  this  mine,  which  is  G^  miles  east  of 
Franklin  on  the  Dillsboro  road,  just  above  A¥atauga  Creek,  corundum 
has  been  found  in  a  dike  of  saprolitic  rock  that  was  very  probably 
originally  an  amphibolite.  The  country  rock  is  a  hornblende-gneiss, 
but  in  the  direct  vicinity  of  the  dike  no  solid  rock  is  encountered. 
The  general  occurrence  is  somewhat  similar  to  that  at  the  Isbel  mine, 
in  Clay  County,  and  at  the  Acme  mine,  in  Iredell  Comity.  The 
corundum  is  in  prismatic  crystals  from  the  size  of  buckwheat  grains 
to  some  that  were  nearly  half  an  inch  in  diameter.  The  crystals 
are  of  an  almost  uniform  pale-bluish  color  and  some  are  semitrans- 
parent  to  transparent.  The  ore  was  readily  cleaned  and  furnished 
a  nearly  pure  product.  The  mill  at  this  mine  had  a  capacity  of  3 
tons  per  day.  As  at  all  the  localities  where  the  occurrence  is  in  an 
amphibolite,  the  quantity  of  the  corundum  is  very  limited.  On  the 
opposite  side  of  Watauga  Creek,  100  to  200  feet  up  the  mountain 
slope,  corundum  has  been  found  in  a  number  of  places  in  the  gneiss. 
No  Avork  has  been  done  at  this  mine  since  1898. 

CLAY    COUNTY. 

Buck  Creek  or  Cidlakeenee  mine. — This  mine  is  in  the  Buck  Creek 
Valley,  about  20  miles  southwest  of  P'ranklin,  Macon  County,  and  21 
miles  a  little  north  of  east  of  Hayesville,  the  county  seat  of  Clay 
County.  These  corundum  deposits  are  associated  wdth  a  compact 
mass  of  peridotite,  covering  about  three-quarters  of  a  square  mile, 
the  largest  mass  that  is  known  in  the  Appalachian  belt.  Fig.  S 
(p.  36)  is  a  topographic  map  of  this  formation,  and  shows  the 
i-elation  of  the  amphibolite  to  the  peridotite  and  the  location  of  the 
various  openings  that  have  been  made  for  corundum.  There  has 
been  but  very  little  systematic  mining  for  corundum  in  this  locality 
and  most  of  the  work  has  been  in  the  nature  of  prospecting.  Numer- 
ous cuts  and  pits  have  been  made  at  a  great  many  points  on  the 
formation,  most  of  which  have  shown  the  presence  of  corundum 
The  principal  work  is  at  the  east  end  of  the  formation,  near  the  con- 
tact of  the  peridotite  with  the  gneiss,  where  a  shaft  40  feet  deep  waj 
sunk  partially  on  the  border  vein.  X  number  of  open  cuts  in  thij 
same  vicinity  have  penetrated  into  the  same  vein.  This  vein  h 
different  from  most  of  the  corundum  veins  in  the  peridotite  rocks 
in  that  it  is  composed  essentially  of  plagioclase  feldspar  and  horn 
blende,  Avhich  bear  a  similar  relation  to  each  other  as  the  feldspar 
quartz,  and  mica  in  the  pegmatitic  dikes.  PI.  XIII,  A^  is  a  genera 
view  of  the  Buck  Creek  formation,  showing  the  shaft  mine  and  th( 
location  of  the  border  vein  that  has  been  opened.  With  this  excep 
tion  all  the  pits  and  cuts  that  have  been  made  are  within  the  forma 
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tioii  itself,  ;ni(l  where  tliey  eiiconnlered  (•onindum  i(  was  in  small 
pockets,  the  remains  of  lar<ier  interior  \'eins.  1*1.  XIII,  />,  shows 
one  of  these  interior  veins.  From  the  (luantity  of  eornndnm  exposed 
by  prospecting  and  the  work  done  in  the  shaft,  there  is  withont 
doubt  a  large  quantity  of  cornndum  associated  with  these  peridotite 
I'ocks,  and  if  the  mine  were  more  accessil)le  to  the  railroad  it  would 
oifer  one  of  the  l)est  corundum  ]:>roi)erties  in  the  State.  The  nearest 
point  on  the  Muri)hy  branch  of  the  Southern  Railway  is  18  miles, 
over  a  good  road.  Buck  Creek  offers  amj^le  w^ater  supply  for  run- 
ning a  mill  sufficient  to  clean  wdiatever  corundum  would  be  mined 
here.  This  property  is  also  o^vned  by  the  International  Corundum 
and  Emery  Company,  of  NeAv  York.  The  ore  is  not  difficult  to 
clean,  and,  as  far  as  can  be  judged  from  a  superficial  examination, 
should  make  a  commercial  product  that  can  be  used  in  the  mamifac- 
ture  of  tlie  vitrified  wdieel. 

In  the  green  amphibolites  lying  betAveen  the  peridotite  and  the 
gneiss  and  penetrating  into  the  [)erid()tite,  corundum  of  a  delicate 
pink  to  ruby-red  color  is  found  quite  abundantly.  At  the  top  of  the 
ridge  on  the  w^est  side  of  the  creek  several  tons  w^ere  mined.  On  ac- 
count of  the  refractoriness  of  the  amphibolite  it  is  not  a  profitable 
ore  to  work. 

Herhert  mine. — Near  the  northwestern  end  of  this  peridotite  mass, 
which  extends  out  from  the  main  mass,  is  the  Herbert  mine,  wdiich  is 
ow^ned  by  the  North  Carolina  Corundum  Company  aiid  is  indicated 
on  the  map,  page  30.  The  corundum  has  been  found  in  a  number 
of  veins  containing  seams  from  3  to  (>  inches  wdde  of  almost  massive 
corundum.  As  the  main  portion  of  the  peridotite  mass  is  farther 
to  the  east,  the  largest  deposits  of  corundum  w^ill  undoubtedly  be 
associated  with  this  main  mass  of  the  peridotite,  but  there  is  evidence 
from  the  work  done  by  this  company  that  there  is  a  commercial 
deposit  of  this  mineral  at  the  Herbert  mine.  PI.  XIV  gives  a  view 
of  the  main  workings  of  this  mine.  The  N^orth  Carolina  Corundum 
Company  has  erected  a  complete  mill  for  cleaning  and  preparing  the 
corundum  for  market.  This  company  has  also  constructed  a  graded 
road  18  miles  in  length  from  the  mine  to  the  railroad.  A  mass  of 
solid  yellow  corundum  weighing  125  pounds  w^as  found  near  this 
iocalit}^  on  the  property  of  Mr.  Hugh  Ferguson,  of  Pittsburg,  Pa. 

L^hel  mine. — This  mine  is  at  the  foot  of  the  southern  slopes  of  the 
Chunky  Gal  Mountain,  and  w^as  formerly  known  as  the  Shooting 
Creek  mine.  It  is  on  the  headw^aters  of  Shooting  Creek  and  along 
the  side  of  the  Macon-Clay  county  road.  I'he  corundum  occurs  in 
an  am})hibolite  dike,  wdiich  is  so  badly  decomposed  that  very  little  of 
it  remains,  except  as  included  masses  of  the  original  rock.  The  sur- 
rounding rock  is  also  very  badly  decomposed.     The  tenacious  charac- 
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ter  of  the  material  inclosing  the  corundum  renders  washing  it  out 
difficult,  for  it  becomes  packed  and  clogs  the  rolls  even  in  a  strong 
current  of  water.  This  deposit  of  corundum  has  been  developed  by 
means  of  a  large  open  cut  and  some  tunneling,  but  the  amount  of 
corundum  ore  exposed  is  not  encouraging,  and  there  is  no  evidence 
whatever  of  a  commercial  deposit  of  corundum  being  developed.  A 
very  extensive  plant  has  been  built  at  the  mine  by  the  Isbel  Corun- 
dum Company,  of  New  York,  and  it  is  the  largest  and  the  best 
equipped  corundum  mill  in  the  State. 

Belir  mine. — This  mine  is  located  5  miles  east  of  Hayesville,  at  Elf 
post-office,  on  Shooting  Creek.  Both  sand  and  massive  corundum, 
with  feldspar,  are  found  at  this  mine,  in  the  same  peridotite  forma- 
tion with  which  the  amphibolites  just  referred  to  are  associated.  It 
was  first  opened  in  1880  by  Dr.  H.  S.  Lucas,  but  was  soon  afterwards 
bought  by  Herman  Behr  &  Co.,  of  New  York.  A  steam  cleaning 
plant  was  erected  at  the  mine  and  considerable  work,  more  of  the 
nature  of  prospecting  than  mining,  was  done.  Several  carloads  of 
cleaned  corundum  are  reported  to  have  been  shipped.  The  last  work 
done  at  the  mine  was  in  1890.  The  location  of  the  mine  was  not  very  j 
favorable  for  work,  as  it  was  in  a  low  place  by  the  side  of  a  stream, 
which  necessitated  the  constant  use  of  pumps.  The  nearest  shipping 
point  on  the  railroad  is  25  miles.  There  are  practically  no  indications 
at  this  locality  of  the  occurrence  of  corundum  in  quantity. 

Blue  Ridge  corundum  tracts. — Under  this  head  are  included  the 
long  bands  of  corundum-bearing  quartz-schist  that  have  been  found 
in  the  southeastern  part  of  the  county  and  in  the  adjoining  county  of 
Georgia,  Rabun  County.     Parallel  bands  of  this  corundum-bearing 
schist  have  been  followed  for  a  number  of  miles  close  to  the  summit  of 
the  Chunky  Gal  and  the  Yellow  mountains.     As  is  stated  on  page  56, 
the  amount  of  corundum  in  this  schist  is  probably  not  over  2  to  3  per 
cent,  and  with  such  a  low  percentage  of  corundum  these  rocks  are  not 
to  be  considered,  at  the  present  time  at  least,  as  a  source  of  this  mineral. 
There  are  four  tracts  included  under  this  head.     The  Scaly  Moun- 
tain tract  is  near  the  headwaters  of  Beech  Creek,  a  prominent  eastern , 
tributary  of  the  Tallulah  River,  on  the  southern  and  southwestern  | 
slopes  of  Scaly  Mountain,  at  the  elevation  of  about  4,500  feet.     The  i 
corundum-bearing  bands  of  schist  have  been  traced  for  the  distance  ' 
of  about  2  miles,  with  a  general  strike  of  N.  40°  E.  and  with  a  dip 
approximately    20°-30°    NW.      Considerable    prospecting   has    been, 
done  in  tracing  this  band  of  schist.     Assays  show  that  there  is  less' 
than  5  per  cent  of  corundum  in  this  schist,  although  some  specimens 
have  yielded  12  per  cent.    The  latter  were  probably  pieces  broken  off 
along  planes  of  lamination  of  the  schist,  while  the  rest  of  the  piece 
from  which  they  were  broken  oft'  carried  but  little  corundum. 
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The  Foster  tract  is  in  Georgia,  about  1^  miles  from  Scaly  Mouii- 
dn,  and  the  State  line  forms  its  northern  boundary.  It  is  on  both 
des  of  Falls  Branch,  one  of  the  smaller  western  tributaries  of  the 
allulah  River,  and  is  about  3,500  feet  above  sea  level.  Here  a  num- 
n'  of  pits  have  been  made  and  samples  of  corundum  have  been  ol)- 
lined  Avhich  have  assayed  on  an  average  about  5  per  cent  of  this  min- 
•al.  There  is  more  garnet  associated  with  the  corundum  in  this  ore 
lan  in  that  from  any  of  the  other  localities. 

The  Yellow  Mo.untain  tract  is  on  the  north  of  Scaly  Mountain,  on 
le  northern  slopes  of  the  Yellow  Mountain.  No  prospecting  has 
sen  done  here,  and  from  the  indications  the  ore  is  the  same  in  grade 
5  at  the  other  localities. 

The  Chunky  Gal  tract  is  at  the  summit  and  along  the  western 
opes  of  the  Chunky  Gal  Mountain,  near  the  headwaters  of  Sugar 
iove  Creek.  With  a  few  interruptions,  the  corundum-bearing  schist 
as  been  traced  for  over  2  miles,  with  a  strike  and  dij)  approximately 
le  same  as  on  the  other  tracts.  A  number  of  pits  and  cuts  have  been 
Lade,  from  which  considerable  ore  has  been  taken  out  and  tested,  and 
le  tests  show  the  percentage  of  corundum  to  be  practically  the  same 
3  at  the  others. 

The  corundum  bands  of  the  schist  in  all  the  tracts  vary  consider- 
bly  in  width,  some  being  not  over  a  foot  or  two  wide,  while  others 
re  18  feet.  In  these  wider  bands,  however,  there  are  apt  to  be  bands 
I  the  normal  schist.  More  or  less  garnet  has  been  found  associated 
ith  the  corundum  in  all  the  schist,  and  if  in  any  quantity  it  Avould 
ave  to  be  eliminated  or  it  would  prevent  any  corundum  obtained 
:-om  these  ores  being  used  in  the  manufacture  of  the  vitrified  wheel. 

From  the  extent  of  the  corundum-bearing  schist,  there  is  undoubt- 
ily  a  large  quantity  of  corundum  in  this  section,  but  the  low  percent- 
^e  makes  it  very  questionable  whether  the  rocks  can  be  profitably 
orked. 

One  company,  the  Corundum  Mining  and  Manufacturing  Com- 
any,  of  Philadelphia,  was  organized  in  1900  to  Avork  the  Scaly 
[ountain  and  Foster  deposits,  and  spent  a  great  deal  of  money  in 
eveloping  the  deposits  and  in  erecting  a  crushing  and  cleaning 
lant.  On  account  of  the  small  percentage  of  corundum  and 
ecause  of  the  associated  garnet  the  company  could  not  produce 
le  corundmn  profitably,  and  for  the  last  two  years  there  has  been 
0  work  done  on  the  property. 

JACKSON    COUNTY. 

Perhaps  the  most  important  corundum  locality  in  this  county  is  in 
le  extreme  southeastern  portion,  in  the  vicinity  of  Sapphire,  extend- 
ig  over  into  the  adjoining  county,  Transylvania.     In  this  section 
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there  is  a  series  of  about  thirty  outcrops  of  peridotite,  which  exten 
m  a  general  northeast -southwest  direction.  All  these  outcrops  ai 
small,  and  corundum  has  been  found  associated  with  many  of  then 
The  location  and  relative  size  of  the  larger  of  these  outcrops  and  th 
places  where  corundum  has  been  mined  are  represented  on  the  maj 
hg.  10.  Most  of  this  has  been  at  the  Bad  Creek  and  Socrates  mine 
but  the  greater  part  of  the  work  done  at  any  of  them  has  been  in  th 
nature  of  prospecting. 

Burnt  Rock  niine. — At  the  Burnt  Rock  mine,  which  is  locate 
about  5  miles  northeast  of  Sapphire,  all  the  mining  has  been  dor 
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.  19. — Map  of  the  peridotite  areas  in  the  vicinity  of  Sapphire,  Jackson  County, 
showing  the  location  of  the  different  corundum  mines. 


within  the  peridotite  formation,  and  about  10,000  to  12,000  pour 
of  corundum  have  been  taken  out.  It  is  of  good  quality  and  occi 
in  white  crystals  and  knotty  nodules.  The  ore  is  free  from  gari 
and  can  be  readily  cleaned.  From  the  amount  of  work  done  h< 
the  indications  are  that  there  is  a  considerable  quantity  of  gc 
corundum  associated  with  the  peridotite  near  its  contact  with  1 
gneiss.  The  mining  at  the  Brockton  mine  was  also  within  1 
peridotite,  and  about  the  same  amount  of  corundum  was  taken  ( 
as  at  the  Burnt  Rock  mine.     The  corundum  occurs  in  dull-gi 
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rystals,  which  are  easily  cleaned  and  sei)arated  from  the  oangiic. 
'hese  two  mines  are  in  Transyh^ania  Connty.  Just  beh)w  this  mine, 
n  the  slopes  of  Poplar  Rido^e,  a  vein  of  corundum  was  exposed  in 
)ctober,  1900,  by  workmen  who  were  making  a  new  road.  The 
orundum  is  massive,  and  gives  good  indications  of  occurring  in 
uantity. 

Sdpphire  mine. — The  little  work  that  was  done  at  tlie  vSapphire 
line  shows  a  considerable  (piantity  of  white  and  gray  corundum, 
ften  speckled  with  blue,  very  similar  to  the  corundum  found  at  the 
HiiteAvater  mine,  (>  miles  south  of  the  Sapphire  mine.  The  Socrates 
line  is  about  three-quarters  of  a  mile  southwest  of  the  Sapphire,  in 

bold  outcrop  of  ])eridotite.  The  corundum  is  in  small,  knotty 
odules,  and  is  easily  cleaned.  A  border  vein  was  encountered,  but 
ttle  work  was  done  to  develop  it. 

Bad  Creek  mine. — The  Bad  Creek  mine  has  been  worked  more  than 
ny  other  in  this  section,  and  is  located  about  three-quarters  of  a  mile 
early  south  of  Sapphire.  The  work  done  at  this  mine  has  been 
Imost  entirely  on  a  border  vein  which  has  been  exposed  for  the  dis- 
mce  of  130  feet  and  has  been  worked  at  one  point  to  a  depth  of  00 
Bet.  The  corundum  ore  that  was  encountered  in  this  vein  is  of  two 
istinct  kinds;  in  one  the  corundum  is  associated  with  garnet  and 
ornblende,  and  in  the  other,  which  is  free  from  garnet,  it  is  found 
1  a  matrix  of  biotite-mica.  These  two  ores  should  always  be  kept 
3parate,  for  the  corundum  can  readily  be  cleaned  and  separated  from 
[le  associated  minerals  in  the  biotite  ore  and  will  yield  a  product 
[lat  can  be  used  in  the  manufacture  of  the  vitrified  wheel,  but  the 
orundum  can  be  separated  only  w^ith  difficulty  from  the  ore  that  coii- 
liiis  the  garnet.  Unless  the  garnet  can  be  entirely  eliminated  this 
re  will  not  make  a  product  that  can  be  used  for  making  the  vitrified 
dieel.  The  vein  has  an  average  width  of  nearly  0  feet,  and  will  carry 
rom  15  to  i^O  per  cent  of  corundum.  All  the  mines  just  referred  to 
elong  to  the  Toxaway  Company,  Sapphire,  N.  C. 

Corundum  has  been  found  at  a  number  of  the  peridotite  outcrops 
etween  the  Bad  Creek  and  the  Whitewater  mines;  and  though  this 
oes  not  by  any  means  indicate  that  there  are  large  deposits  of  this 
lineral  in  these  rocks,  it  does  indicate,  taking  into  consideration  the 
orundum  deposits  already  found  northeast  and  soutliAvest  of  them, 
hat  there  is  a  possibility  of  such  deposits,  and  it  makes  this  section 

promising  one  for  systematic  prospecting. 

During  the  summer  of  1903  considerable  work  Avas  done  at  the 
mpphire  corundum  localities  by  Mr.  Walter  G.  Chandler,  with  a 
iew^  of  ascertaining  whether  or  not  there  Avere  commercial  deposits 
f  corundum  at  these  various  mines.  His  work,  Avhile  it  shoAved  the 
►resence  of  corundum  at  all  the  localities  examined,  did  not  develop 
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any  deposits  in  commercial  quantity,  with  the  exception  of  the  Bad 
Creek  mine.  It  is  not  improbable  that  in  some  instances  the  deposits 
developed  by  Mr.  Chandler  are  interior  veins  and  that  the  bordei 
vein  was  not  encountered.  In  other  cases  it  is  very  probable  that  th< 
corundum  exists  in  but  very  small  quantity  in  the  rock,  and  is  no 
sufficient  to  make  profitable  mining. 

MADISON    COUNTY. 

It  is  interesting  to  note  here  that  the  first  corundum  found  ir 
North  Carolina  was  picked  up  in  this  county  in  1847,  about  8  mile! 
below  Marshall  and  just  above  the  mouth  of  Little  Pine  Creek.  I 
was  a  large  mass  of  dark-blue,  cleavable  corundum,  and  was  founc 
on  the  surface.  The  next  year  a  smaller  piece  was  similarly  fomid.  A 
strip  of  peridotite  crosses  the  river  near  this  point,  but,  as  far  as  ii 
known,  no  corundum  has  been  found  with  it. 


Fi«.   20. — Corundum   crystal   from   near   Marshall,   Madison   County,   N.   C. 

Conmdum  has  been  found  in  hirge  gray  crystals  on  the  surface  c 
a  large  outcrop  of  aniphil^olite,  which  is  8  miles  above  Marshall  an 
half  a  mile  north  of  the  mouth  of  Big  Ivy  River.  Mr.  G.  C.  Hayni 
of  Marshall,  tha  owner  of  the  property,  has  in  his  possession  a  crystj 
from  this  place  that  Aveighs  IT  pounds.     (See  fig.  20.) 

Carter  mine. — This  mine  is  in  the  southeastern  corner  of  the  co\mt;i 
very  close  to  the  Buncombe  County  line.     It  is  located  on  Holcoml  i 
Branch,  a  tributary  of  Little  Ivy  River,  and  near  the  northern  end 
a  strip  of  peridotite,  which  extends  from  Morgan  Hill,  in  Buncoml 
County,  a  distance  of  more  than  2  miles,  and  wdiich  has  an  avera< 
Avidth  of  about  one-fourth  of  a  mile.     The  corundum  that  has  be( 
mined  was  found  in  what  is  probably  an   interior   vein,  and  wj 
inclosed  by  chlorite  and  vermiculite.     It  Avas  obtained  in  masses  < 
Avhite,  pink,  and  blue  colors,  Avhich  Avere  intimately  associated  Avil 
greenish-black   spinel    and    feldspar.     While   there   has    been   son 
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mining  done  here,  the  depo,sit  lias  not  l)een  thoroughly  prospected, 
and  future  deveh)pnients  may  sIioav  the  existence  of  a  hirge  deposit 
of  corundum  near  the  contact  of  the  peridotite  with  the  gneiss. 

There  is  no  obvious  reason  Avhy  this  ore  coukl  not  be  used  in  the 
manufacture  of  any  kind  of  an  abrasive  AvheeL  Although  the  corun- 
dum can  not  be  separated  from  the  spinel,  this  should  not  interfere 
with  its  use  for  this  purpose. 

Corundum  was  first  found  at  this  mine  by  Dr.  C.  D.  Smith  about 
1880,  and  soon  afterwards  Avork  was  begun  by  Mr.  William  Carter 
and  Dr.  H.  S.  Lucas,  Avho  took  out  a  few  tons  in  prospecting.  After- 
wards a  little  ])rospecting  was  done  by  Mr.  M.  E.  Carter,  and  by 
Messrs.  Rice  and  Coleman,  who  sold  the  property  to  Tarr,  Hamilton 
&  Co.,  of  New  York,  Avho  began  regular  mining  about  ISSC).  A 
steam  crushing  and  cleaning  plant  Avas  erected  at  the  mine,  and 
about  20  tons  of  corundum  Avere  cleaned  and  shipped  from  Marshall. 
Mining  continued  only  about  six  months,  and  has  not  since  been 
resumed. 

The  corundum  localities  of  North  Carolina  and  Georgia  are  indi- 
cated on  the  map  (PI.  XV). 

GEORGIA. 

There  are  scattering  deposits  of  peridotite  extending  across  this 
State  in  a  northeast  direction,  passing  in  a  general  Avay  up  the  valley 
of  the  Chattahoochee  River  to  the  Avestern  extremities  of  North  and 
South  Carolina.  Along  this  line  corundum  has  been  found  in  the 
following  counties:  Rabiui,  Towms,  Union,  Lumpkin,  Habersham, 
Hall,  Cobb,  Paulding,  Douglas,  Carroll,  Heard,  Troup,  and,  some- 
what off  the  line  to  the  east,  in  Walton,  in  Forsyth  County  surface 
specimens  have  been  found  that  evidently  originated  in  the  quartz- 
schists  of  the  region.  Surface  specimens  of  corundum  that  origi- 
nated in  a  mica-schist  have  been  found  in  Upson  County.  Considera- 
ble Avork  has  been  done  along  this  belt  in  the  nature  of  prospecting, 
and  for  a  number  of  years  n  productive  mine — the  Laurel  Creek — Avas 
operated  at  Pine  Mountain,  in  Rabun  County. 

The  corundum  localities  are  shown  on  the  map  (PL  XV),  which 
also  gives  the  general  location  of  the  peridotite  formations  that  have 
been  observed  in  this  section.  Although  there  is  considerable  perido- 
tite occurring  in  the  northern  portion  of  the  State,  it  is  at  but  few 
places  thus  far  that  corundum  has  been  found  in  any  quantity,  and 
these  are  at  the  extreme  northern  part,  not  far  from  the  North 
Carolina  line. 

Georgia  corundum  is  well  knowm,  and  perhaps  has  the  best  reputa- 
tion of  any  on  account  of  that  obtained  from  the  Laurel  Creek  mine, 
AA'hich,  with  the  exception  of  the  Track  Rock  mine,  is  the  only  one 
that  has  produced  any  considerable  quantity  of   corundum.     The 
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pei'idotite  formations  are  not  so  large  as  in  North  Carolina,  nor  are 
the  corundum  localities  so  numerous,  and  it  is  not  probable  that  there 
is  as  much  corundum  in  this  State  as  in  North  Carolina,  although 
the  Laurel  Creek  mine  may  be  superior  to  any  one  thus  far  located 
in  North  Carolina. 

Laurel  Creeh  mine. — This  mine,  which  is  owned  by  the  Interna- 
tional Corundum  and  Emery  Company,  is  located  at  Pine  Mountain, 
Rabun  County,  and  is  18  miles  from  Walhalla,  S.  C,  the  nearest 
point  on  the  railroad  at  present,  although  a  railroad  now  in  construc- 
tion from  Tallulah  Falls  to  Rabun  Gap  Avill  pass  within  a  fcAv  miles 
of  this  mine.  At  this  locality  there  is  a  large  outcrop  of  peri- 
dotite,  covering  several  hundred  acres,  and  along  the  contact  oi 
this  with  the  gneiss  large  deposits  of  corundum  have  been  found. 
Several  openings  have  been  made,  some  of  which  have  been  worked 
very  extensively.  Fig.  21  is  a  topographic  map  of  this  peridotite  for- 
mation, showing  the  general  location  of  the  cuts  and  shafts  that  have 
been  made.  As  is  seen  from  the  map,  the  formation  extends  ovei 
tw^o  small  hills,  which,  on  account  of  their  rough  and  barren  nature, 
otter  a  sharp  contrast  to  the  surrounding  country.  There  is  a  large 
open  cut  (1  in  fig.  21)  on  the  west  side  of  the  formation,  which  follow^ 
for  the  most  part  along  the  contact ;  is  200  feet  in  depth  at  the  loAvei 
end,  and  gradually  rises  until  at  the  upper  end  the  surface  is  reached 
At  its  lower  end  this  cut  encountered  what  is  known  as  the  Big  veil 
of  massive  corundum,  the  cut  having  followed  on  a  border  vein  o 
crystal  corundum.  PI.  XVI  is  from  a  photograph  of  this  cut,  whicl 
shows  the  gneiss  very  distinctly  on  the  left  and  the  peridotite  on  tli( 
right,  with  the  shaft  house  in  the  foreground. 

The  Big  vein  of  massive  corundum,  for  which  this  mine  is  noted 
is  at  the  foot  of  the  south  slope  of  the  hill,  and  has  been  followed  fron 
the  lower  end  of  the  cut  (1,  fig.  21)  for  a  distance  of  over  300  feet 
represented  by  the  dotted  lines,  with  the  shaft  house  (4,  fig.  21)  nea: 
the  western  end.  iVlthough  this  vein  is  near  the  contact  of  the  perl 
dotite  with  the  gneiss,  it  is  separated  from  it  by  a  band  of  peridotit 
and  a  small  vein  of  sand  corundum.  There  is  some  doubt  whether  th( 
block  of  gneiss  (2,  fig.  21)  is  entirely  surrounded  by  the  peridotit 
or  Avhether  it  penetrates  the  peridotite  from  the  main  mass  of  gneisj^ 
From  what  could  be  seen,  and  from  information  obtained  from  Mi 
A.  Evans,  foreman  of  the  mine,  it  has  very  much  the  appearance  o 
being  entirely  inclosed  in  the  mass  of  peridotite.  The  Big  vein 
Avhich  has  been  worked  by  an  inclined  shaft  116  feet  deep,  with  tunj 
iiels  300  feet  in  length,  has  brought  the  work  up  to  the  block  of  gneid 
just  referred  to,  and,  according  to  Mr.  Evans,  a  little  work  was  donii 
farther  to  the  east  which  showed  the  corundum  vein  to  extend  on  thi 
south  side  of  the  block  of  gneiss,  and  it  is  not  at  all  improbable  thaj 
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this  vein  continues  as  represented  by  the  dotted  line  3.  Open  cuts 
on  the  east  and  Avest  side  of  this  block  of  gneiss  have  followed  border 
v^eins  of  corundum.  PI.  XVII,  .1,  gives  a  view  of  the  peridotite 
formation  near  the  cut  on  the  east  side.  Little  Avork  has  been  done  at 
Laurel  Creek  except  on  border  veins,  the  principal  exception  being  a 
small  interior  veni  ((>  in  fig.  21)  near  the  east  end  of  the  formation, 
from  Avhich  considerable  corundum  Avas  obtained,  but  the  A^in  soon 
began  to  pinch  out.  PI.  XVII,  B,  gives  a  vicAv  of  this  vein,  shoAV- 
ing  both  the  hanging  and   foot  Avails  of  peridotite.     At   5,  fig.  21, 
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Fig.  i'l. — Alap  of  the  peridotite  formation  at  I.aui-el  Creelv,  Kalnui   County,  Ga. 

considerable  Avork  has  been  done,  and  some  large  crystals,  for  Avliich 
:his  mine  is  noted.  Avere  obtained  here. 

This  is  perhaps  the  most  famous  corundum  mine  in  this  counti'y 
ind  has  furnished  ore  from  Avhich  an  exceptionally  good  commercial 
product  has  been  obtained. 

It  has  not  been  Avorked  since  1891,  Avhen  the  tunnels  and  shafts  of 
he  Big  vein  Avere  cut  off  by  the  slipping  of  a  large  block  of  the 
)eridotite  formation,  nearly  a  200-foot  cube.  It  is  that  portion  of 
he  formation  represented  on  the  map  (fig.  21)  betAveen  the  open  cut 
^1)  and  the  cut  to  the  AA^est  of  the  block  of  gneiss  (2). 
Bull.  269— 06  M 9 
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Track  Roch  mine. — The  location  of  this  mine  is  in  the  northeaster 
part  of  Union  County,  Ga.,  on  the  south  side  of  Track  Rock  Gaj 
The  corundum  occurs  in  a  peridotite  formation,  Avhich  is  very  mucJ 
decomposed  on  the  surface,  there  being  very  little  visible  but  a  mas 
of  chlorite-schist  containing  more  or  less  actinolite.  A  tunnel,  hav 
ing  its  upper  end  75  feet  below  the  surface,  has  been  run  in  on  th 
formation  for  about  200  feet,  with  short  branching  tunnels  at  severa 
points.  From  the  material  cut  through  by  the  tunnel,  which  wa 
examined  by  Mr.  King,«  of  the  Georgia  Geological  Survey,  the  rod 
was  found  to  be  an  altered  peridotite,  made  up  of  small  grains  o 
chrysolite  surrounded  by  actinolite  and  containing  many  grains  o 
magnetite.  It  may  be  that  the  original  of  this  rock  was  the  peridotite 
amphibole-picrite. 

All  the  work  that  has  been  done  at  this  mine  has  been  entirely 
within  the  formation,  and  the  best  results  would  be  obtained  near  tin 
contact  of  this  rock  with  the  surrounding  country  rock. 

Foster  mine. — This  mine,  which  is  located  in  the  northeastei'u  par  I 
of  Towns  County,  Ga.,  just  over  the  North  Carolina  line,  lias  beei 
described  with  the  other  mines  occurring  in  this  vicinity  under  th( 
head  of  "  Corundum  in  North  Carolina,"  on  page  123.  The  corundun 
occurs  in  a  quartz-schist,  and  the  property  is  owned  by  the  Corundun 
Mining  and  Manufacturing  Company,  of  Philadelphia,  Pa. 

SOUTH  (;arol  1  n a  . 

Corundum  is  found  in  Laurens,  iVnderson,  Oconee,  York,  and  Spar- 
tanburg counties.  The  western  portion  of  this  State  is  in  the  line  oil 
peridotites  as  indicated  by  the  direction  of  the  belt  in  Georgia  and 
North  Carolina,  and  these  rocks  are  known  to  exist  along  the  border 
in  the  northwestern  corner;  but  no  work  has  been  done  to  trace  out 
their  distribution  nor  to  develop  the  corundmn  deposits,  if  such  exist 

In  the  northeastern  part  of  York  County,  from  3  to  1  miles  west  ol 
the  Catawba  River,  on  the  land  between  Allison  and  CroAvder  creeks 
corundum  has  been  found  in  a  belt  about  200  to  300  yards  Avide  which 
skirts  aloiig  the  western  slopes  of  Nannies  Mountain.  This  localit\- 
is  about  12  miles  northeast  of  Yorkville,  S.  C,  and  25  miles  southwest 
of  Charlotte,  N.  C. 

Mining  operations  have  been  carried  on  at  two  distinct  portions  oi 
this  belt,  one  a  mile  north  of  the  summit  of  Nannies  Mountain,  on  the 
property  of  Alexander  Rickard.  The  work  done  here  consists  of  a 
shaft  about  35  feet  deep,  from  Avhich  several  drifts  have  been  run. 
which  penetrate  AA-hat  is  probably  a  light-gray  granite,  but  it  is  much 
decomposed  and  of  a  sandy  constitution.  The  only  solid  materials 
encountered  Avere  irregular  masses  of  black,  cleavable  corundum  asso- 
ciated with  muscovite  mica.     In  the  surrounding  fields  float  corun- 
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luiii  ranging  in  size  from  small  particles  to  masses  of  several  pounds 
n  weight  are  abundant,  and  many  tons  of  this  have  been  picked  up 
md  shipped. 

A  little  to  the  west  of  the  south  end  of  Nannies  Mountain,  about 
L|  miles  from  the  Rickard  mine,  there  is  a  similar  occurrence  of  corun- 
ium.  There  have  been  a  number  of  shjillow^  cuts,  ditches,  and  pits 
nade  in  prospecting  for  corundum,  but  apparently  none  was  found 
n  i^lace.     The  corundum  that  is  found  is  often  wrapped  in  mica. 

ALABAMA. 

The  Appalachian  crystalline  belt  passes  inider  the  Cretaceous  and 
ater  sedimentary  formations  in  the  central  part  of  the  State  near 
!^Iontgomery.  Representatives  of  the  peridotite  belt  have  been  found 
n  the  vicinity  of  Dudley ville,  in  Tallapoosa  County,  and  corundum 
las  been  found  in  fragments  on  the  surface  both  in  this  and  Coosa,  the 
id  joining  county  on  the  west.  No  corundum  has  as  yet  been  found  in 
)lace,  but  it  evidently  originated  in  the  peridotite  rocks.  Nothing 
hat  indicates  a  workable  deposit  has  been  found  in  the  State. 

VIRGINIA. 

The  only  records  that  could  be  found  show  corundum  to  have  been 
'ound  in  only  two  localities  in  the  State.  The  first  is  a  large  dee]:)- 
)lue  crystal  found  in  Louisa  County  by  Mr.  Louis  Zimmer,  and 
•eported  by  Mr.  George  F.  Kunz."  The  second  is  that  described  by 
3octor  Genth  in  1890,  from  Patrick  County,  and  noted  above  on 
)age  55.  The  peridotite  belt  is  continued  through  the  State  by  a 
^reat  number  of  talc  and  serj)entine  rocks,  but  no  corundum  has  been 
•eported  from  any  of  these  localities. 

PENNSYLVANIA. 

The  serpentine  belt  that  comes  diagonally  across  Maryland  is  con- 
inued  through  the  counties  of  Lancaster,  Chester,  Delaware,  Mont- 
gomery, and  Bucks  in  Pennsylvania.  Corundum  is  found  associated 
vith  it  in  many  places,  especially  in  Chester  and  Delaware  counties, 
md,  a  few  years  ago,  was  mined  to  some  extent  in  Chester  County, 
't  is  found  here  in  chloritic  zones  about  the  serpentine,  and  in  larger 
miounts  in  granular  albite,  much  like  the  occurrence  in  feldspar 
.^eins  at  Buck  Creek,  in  Clay  County,  N.  C.  It  is  near  the  contact  of 
;he  serpentine  with  the  gneiss. 

Zones  of  chloritic  minerals  along  the  borders  of  the  serpentine 
nasses  and  in  the  larger  joints  are  constantly  present  in  these  corun- 
lum  localities,  and  chromite  is  found  in  the  mass  of  the  serpentine 
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itself.  Considerable  i)i'ospecting  has  been  done  in  Pennsylvania,  anc 
corundum  has  been  mined  in  one  or  two  places,  but  these  are  no^A 
abandoned. 

Corundum  has  been  found  more  al)undantly  near  Unionville,  ii 
Newlin  Township,  Chester  County.  It  is  found  here  in  a  mass  oj 
serpentine  rock,  with  an  average  width  of  about  800  feet  and  a  lengtl 
of  1  mile.  A  number  of  tons  of  corundum  have  been  obtained  fron 
this  mine,  but  during  the  last  ten  years  little  or  no  work  has  beei 
carried  on.     Associated  with  the  corundum  are  tourmaline  and  spinel 

NEAV    YORK    AND    NEW    JERSEY. 

The  only  corundum,  except  the  emery  variety,  that  has  been  founc 
in  New  York  or  New  Jersey  is  in  association  with  the  crystalline  lime 
stone,  described  on  page  GO.  The  occurrences  are  of  no  connnercia.' 
importance,  but  are  of  considerable  scientific  interest. 

No  corunchnn  whatever  has  been  found  associaterl  as  ith  any  of  th(' 
peridotite  rocks  or  their  altered  facies  that  have  been  k)cated  in  thest^ 
States. 

CONNECTICUT. 

The  first  corundum  discovered  in  Connecticut  Avas  only  surfac(' 
specimens  and  nothing  of  connnercial  importance  was  developedl 
Early  in  the  century,  a  mass  of  cyanite  was  found  at  Litchfield 
"  associated  with  talc,  sulphuret  of  iron,  and  corundum — reported  t( 
weigh  1,500  pounds."  It  has  also  been  found  sparingly  with  silli 
nianite  in  the  vicinity  of  Norwich.  In  V,)0'2  Prof.  B.  K.  Emerson,  o 
Amherst  College,  described  corundum  h'om  Barkhamsted,  Conn, 
where  it  occurs  in  association  with  cyanitic  mica-schist  and  fibrolit( 
gneiss.  The  corundum  forms  a  bed  between  '2  and  H  inches  thick,  an( 
is  of  a  (hirk-blue  to  blue-black  color,  with  occasional  ])atches  that  ar< 
decidedly  green.  There  is  no  connnercial  (piantity  of  coriuidnm  a 
this  locality. 

MASSACHUSETTS. 

As  has  been  stated  on  page  53,  corundum  has  been  found  near  Pel 
ham,  in  this  State,  occurring  in  a  zone  of  biotite,  Avhich  has  resultei 
from  the  contact  metamorphism  of  a  peridotite  on  gneiss.  Incidental 
to  the  mining  of  asbestos  at  this  locality  several  tons  of  corundum  ori 
were  taken  out  and  shipped.  The  deposit  has  not  developed  inti 
one  of  any  economic  importance.  The  emery  deposits  of  the  Stat 
are,  hoAvever,  among  the  most  important  corundum  deposits  in  th^ 
United  States,  and  these  are  described  on  pages  134-137. 
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MONTANA. 

To  the  west  of  the  Appahichiaii  Mountains  there  are  but  four- 
States  in  which  corundum  is  authentically  known  to  occur,  namely, 
Montana,  Colorado,  Idaho,  and  California.  It  has  been  reported 
from  Nevada,  but  no  definite  information  or  reference  to  the  locality 
can  be  obtained.  The  only  localities  of  any  connnercial  importance 
are  those  in  Montana,  and  these  are  the  only  ones  that  are  described 
here.  The  California  deposits  haye  been  described  on  pages  42-44, 
those  from  Idaho  on  page  116,  and  those  from  Colorado  on  page  49. 

The  corundum  dei:>osits  in  Montana  are  located  in  the  south-central 
part  of  Gallatin  County,  on  the  headwaters  of  Elk  Creek,  in  a  group 
of  foothills  between  the  Gallatin  Valley  and  Spanish  Creek  Basin. 
They  are  about  23  miles  nearl}^  south  of  Belgrade,  Gallatin  County,  a 
station  on  the  Northern  Pacific  Railroad.  The  corundum  occurs  in 
a  seynite,  as  described  on  page  48.  The  crystals  of  corundum  yary 
from  a  fraction  of  an  inch  up  to  8  inches  in  length,  and  some  haye 
been  found  that  weighed  1-J  to  2  pounds.  This  mineral  is  not  dis- 
tributed evenly  throughout  the  syenite  rock,  but  is  sometimes  con- 
centrated into  seams  or  streaks  from  a  few  inches  to  34  inches  in 
Avidth.  Some  of  the  smaller  seams  are  almost  pure  corundnm,  and 
in  the  larger  ones  the  percentage  varies  from  10  to  70  per  cent.  The 
full  width  of  the  corundum-bearing  syenite  is  from  8  to  10  feet,  and 
it  will  average  from  5  to  10  per  cent  of  corundum.  There  are  three 
companies  which  are  developing  corundum  properties  in  this  general 
district,  of  which  the  largest  and  at  the  present  time  the  most  impor- 
tant is  the  Montana  Corundum  Company.  This  company  is  working 
I  property  that  has  been  developed  by  means  of  shafts,  tunnels,  pits, 
and  crosscuts  which  show  the  deposit  to  be  very  persistent  and  reg- 
ular for  over  1,000  feet.  The  property  has  been  thoroughly  equipped 
with  machinery  for  mining,  cleaning,  and  preparing  the  corundum 
for  market.  The  cleaned  corundum  makes  a  good  abrasive;  it  has 
I  been  tested  by  a  number  of  users  of  this  kind  of  abrasive  material,  and 
they  have  reported  favorably  regarding  it.  A  fire  test  has  been  made 
!  on  this  corundum  by  the  author,  and  it  was  proved  that  it  could  be 
used  in  the  manufacture  of  a  vitrified  wheel. 

The  Bozeman  Corundum  Company  has  been  developing  a  prop- 
erty about  14  miles  southwest  from  Bozeman.  The  corundum  seams 
j  vary  from  a  few  inches  to  3  feet  in  thickness,  and  are  being  exploited 
I  by  shafts  and  drifts.  Five  miles  to  the  west  of  the  property  of  the 
i  Montana  Corundum  Company  is  the  Anceny  corundum  deposit, 
:  \yhich  is  now  being  developed. 
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EMERY. 

Until  recently  the  only  emery  known  to  occur  in  the  United  States 
was  that  at  Chester,  Mass.,  and  at  Peekskill,  N.  Y.,  the  principal  min- 
ing being  done  at  the  latter  place.  Emery  has  now  been  found  in 
North  Carolina  in  a  promising  prospect,  and  also  at  one  locality  in 
Virginia.  As  is  stated  on  page  2G,  emery  is  a  mechanical  mixture  of 
corundum  and  magnetite,  or  sometimes  hematite.  Because  of  \t> 
striking  resemblance  to  iron  ore,  especially  where  it  is  a  mixture  of 
corundum  and  magnetite  and  is  therefore  magnetic,  the  deposits  at 
both  Chester  and  Peekskill  were  first  worked  as  iron  ores,  and  it  was 
not  for  some  time  that  their  real  nature  and  value  were  understood. 

Since  then  the  deposits  at  Chester  and  Peekskill  have  been  worked  I 
continuous!}^  and  extensively. 

Spinel  is  sometimes  associated  with  the  emery  and  increases  inn 
amount  until  it  is  largely  in  excess  of  the  corundum,  and  the  ore  passes 
over  into  what  might  well  be  called  a  "  spinel  emery." 

MASSACHUSETTS. 

The  only  deposit  of  emery  that  has  been  found  in  this  State  is 
in  the  vicinity  of  Chester,  where  the  emery  vein  has  been  traced  for 
nearly  5  miles.  The  vein  is  first  encountered  about  2  miles  northwest! 
of  the  village  of  Chester,  in  a  ledge  that  projects  into  Westfield  Riven 
from  its  left  bank.  The  vein  can  be  follow^ed  almost  continuously ^ 
along  the  line  of  the  strike — south  to  a  little  east  of  south.  Tt  extends 
across  the  east  slope  of  Gobble  (North)  Mountain,  droj^s  down  intoi 
and  crosses  the  narroAV  valley  of  Walker  Brook,  and  then  rising,  it 
crosses  South  Mountain  and  can  be  followed  for  over  2  miles  to  the 
south.  The  map  (fig.  22)  shows  the  general  position  of  this  emery* 
vein,  the  places  that  have  been  opened  along  it,  and  the  location  of  the 
different  emery  mills.  The  emery  occurs  in  an  amphibolite,  which 
has  been  described  on  page  89. 

The  first  work  was  done  toward  the  southern  end  of  the  vein,  abouii 
half  a  mile  north  of  where  it  disappears,  at  what  is  known  as  the 
Wright  mine.  About  twenty  years  ago  rather  extensive  mining  was^ 
carried  on  here,  the  work  consisting  of  an  open  cut  nearly  1,400  feett 
long  that  was  worked  to  a  depth  of  (>  feet  at  its  southern  end  and  oil 
jibout  30  feet  at  its  northern,  with  probably  an  average  dej^th  of  2C 
feet  for  the  entire  distance.  Emery  varying  in  width  from  3  to  2C 
feet  was  encountered  throughout  nearly  the  entire  length  of  the  cut. 

This  mine  was  reopened  in  1890,  a  shaft  87  feet  deep  having  been 
sunk  on  the  vein  near  the  southern  end  of  the  cut  and  drifts  run  out 
from  it.  Margarite  is  the  most  conspicuous  accessory  mineral,  and 
specimens  that  can  rarely  be  exc^elled  have  been  found  here. 
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Continuing  nearly  half  a  mile  to  the  north  on  the  vein  and  near 
•he  top  of  the  mountain  is  the  Melvin  mine.  There  is  a  shaft  here 
10  feet  deep,  from  which  drifts  are  run.  This  shaft  is  but  1,250 
feet  from  the  head  of  the  upper  tunnel  of  the  Old  mine,  the  next  one 
lo  the  north.  It  is  in  this  Old  mine  that  the  most  extensive  work  has 
ix'en  done.  Fig.  23  is  a  cross  section  of  its  underground  workings 
ill  1899.  The  mouth  of  the  lowest  tunnel  is  but  8  feet  above  Walker 
lii'ook  and  75  feet  to  the  south  of  it.  As  is  seen  from  the  diagram, 
the  emery  does  not  occur  continuously  throughout  the  vein,  but  in 
pockets  or  chimneys  wdiich  dip  into  the  vein  about  30°  N.  From 
the  work  already  done  these  seem  to  hold  tliis  direction  rather  con- 
stantly, so  that  the  pockets 
can  be  approximately  lo- 
cated at  a  given  depth. 
It  was  in  the  first  chimney 
of  emery  (see  map,  fig.  22) 
that  the  beautiful  speci- 
mens of  dia spore  for  which 
this  mine  is  noted  were 
found. 

North  of  Walker  Brook 
and  about  500  feet  from 
the  Old  mine  is  the  Macia 
mine,  where  a  small  amount 
of  surface  work  has  been 
done.  Near  the  head  of  a 
small  ravine  a  tunnel  was 
started  on  the  west  of  the 
vein  to  intercept  it,  but 
w^ork  was  discontinued  be- 
fore the  vein  was  reached. 

The  next  opening  is 
near  the  highest  point  of 
the  vein  on  the  eastern 
slope  of  Gobble  (North)  Mountain,  about  three-fourths  of  a  mile 
north  of  the  Macia  mine,  and  is  known  as  the  Sackett  mine.  At 
this  part  of  the  vein  there  was  a  considerable  quantity  of  magnetite 
that  was  practically  free  from  corundum  and  was  mined  as  an  iron 
ore.  This  mine  was  worked  very  extensively  between  twenty  and 
thirty  years  ago,  but  had  been  abandoned  until  1899,  when  it  Avas 
reopened.  The  old  works  were  near  the  highest  point  of  the  vein,  on 
the  slope  of  the  mountain,  and  were  worked  for  about  30  feet.  The 
new  work  was  started  117  feet  below  the  mine,  and  a  tunnel  from  the 
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22. — Map   showing   the   location   of   the   emery 
deposit   at    Chester,    Mass. 
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east  side  was  run  114  feet  to  the 


varies  from  a  few  feet  to   10  or  12, 


vein.  When  this  was  reached  a 
shaft  and  tunnels  were  start- 
ed. At  this  mine  the  corun- 
dum occurs  in  what  might  be 
caUed  j^orphyritic  crystals  of 
a  bronze  color,  which  are  from 
5  to  15  nnn.  across.  Here  blue 
and  white  masses  of  corundum 
weighing  several  pounds  have 
been  found,  and  small,  well- 
formed  blue  crystals  are  also 
frequent.  A  little  north  of 
this  mine,  in  an  old  opening, 
a  cross  vein  of  chlorite  was 
encountered  which  carried  a 
great  many  almost  perfect 
cubes  of  pyrite  and  radiating 
groups  of  black  tourmaline. 

The  last  opening  on  the 
vein  where  there  has  been  any 
work  is  at  the  Snow  mine, 
over  a  mile  north  of  the 
Sackett  mine.  A  small  open 
cut  was  made  that  exi)osed 
the  vein,  3  feet  in  width.  Be- 
tween these  two  mines  and 
also  from  the  Snow  mine 
north  to  the  river  the  vein 
can  be  followed  almost  con- 
tinuously. 

Although  the  vein  can  be 
followed  nearly  the  whole  dis- 
tance, the  emery  does  not  oc- 
cur throughout  its  entire 
length,  for  it  is  often  in  a 
series  of  pockets  that  are  fre- 
(juently  connected  Avith  each 
other  along  the  strike  by  a 
thin  streak  of  chlorite  and 
have  a  general  dip  in  the  vein 
of  about  N.  80°.  In  the  direc- 
tion of  the  dip,  however,  the 
emery  is  more  or  less  continu- 
ous. The  width  of  the  vein 
with  an  average  width  for  the 
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emery  of  about  (>  feet.  Tliis  is  tlie  most  extensive  deposit  of  emerv 
known  in  this  country. 

From  the  V)eo"innin<>-  of  niinini»'  at  (Miestei'  up  to  two  years  ago  the 
deposits  there  yiehled  the  hirgest  production  in  the  United  States. 
Now,  howeyer,  they  are  exceeded  by  those  at  Peekskill. 

P]mery  has  also  been  discoyered  in  the  yicinity  of  Huntington, 
Mass.,  but  no  dey(doj)ment  work  lias  as  yet  been  done. 

NEW     YOKK. 

The  emery  deposits  of  this  State  occur  associated  with  the  norite 
rocks  in  Westchester  County  that  ha  ye  been  described  on  page  41. 
Deposits  of  magnetite  and  emery  haye  been  found  at  a  number  of 
places  3  to  4  miles  southeast  of  Peekskill.  These  deposits  yary  con- 
siderably in  character,  some  being  a  nearly  pure  magnetite,  others 
containing  magnetite  and  spinel,  and  still  others  magnetite,  spinel, 
and  corundum.  Those  within  a  mile  north  and  northeast  of  Crugers 
Station  haye  been  ^vorked  for  iron  ore,  Avhile  those  Avorked  for  emery 
are  in  the  southeastern  part  of  Cortlandt  Township.  The  principal 
openings  haye  been  made  on  a  ridge  running  north  from  Colabaugh 
Pond,  and  it  is  here  that  the  ore  has  been  mined.  The  iron  ore  and 
emery  aj^peared  to  be  yery  rich,  but  it  was  found  upon  examination 
that  there  Avas  present  more  or  less  of  a  dark-green  mineral  mixed 
with  magnetite,  and  this  mineral  Avas  shoAvn  by  Williams «  to  be  the 
l)leonaste  yariety  of  spinel.  There  is  also  considerable  spinel  in  the 
emery,  and  eyen  Avhen  the  emery  is  abundant  the  ore  can  not  be 
distinguished  in  the  hand  specimens  from  that  in  which  there  is 
almost  none  of  tlie  spinel. 

At  the  emery  deposits  in  the  southeastern  part  of  Cortlandt  Town- 
ship the  percentage  of  corundum  yaries  considerably  at  dift'erent 
openings,  and  it  is  sometimes  obseryed  in  small  1)1  ue,  AYhite,  and  color- 
less crystals.  Associated  with  most  of  the  corundum  there  is  spinel, 
and  much  of  the  ore  that  has  been  mined  for  emery  has  contained 
little  or  no  corundum  and  has  been  made  up  of  magnetite  and  spinel. 
An  ore  of  this  sort  would  haye  most  of  the  requisite  properties  of  a 
true  emery  except  the  high  degree  of  hardness  due  to  the  corundum ; 
and  when  made  up  into  a  wheel  it  Avould  not  haye  the  cutting  effi- 
ciency of  a  true  emery  wheel.  The  spinel,  Ayhich  is  8  in  hardness 
(corundum  being  9),  would  play  the  same  part  in  this  ore  as  corun- 
dum in  the  true  emery,  and  although  not  so  hard  as  corundum  it  has 
the  cutting  qualities  which  AYOuld  giye  the  ore  considerable  yalue  as 
an  abrasiye.  For  many  purposes  wheels  made  from  this  material 
could  be  used  fully  as  well  as  emery  or  corundum  Avheels,  and  for 
some  purposes  they  might  be  used  to  better  adyantage.     The  spinel 
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would  not  interfere  at  all  in  the  manufactnre  of  a  vitrified  wheel. 
Some  of  the  ore  that  has  been  mined  here  carries  a  very  high  per- 
centage of  garnet. 

The  analyses  that  have  been  made  of  this  ore  all  shoAv  a  high  per- 
centage of  alumina,  which  was  to  be  expected,  as  the  spinel  is  an 
alumina  mineral,  (MgFe)C),Alo03,  and  contains  about  50  per  cent  of 
this  oxide.  An  error  is  very  often  made  in  judging  the  percentage  of 
corundum  in  an  ore  by  calculating  as  corundum  the  total  percentage 
of  alumiuji  obtained  in  a  chemical  analysis,  which  would  represent, 
however,  the  alumina  contained  in  all  the  aluminous  mineral  compo- 
nents of  the  ore.      (See  p.  21.) 

Some  of  the  ore  at  these  mines  is  inidoubtedly  a  true  emery,  but  a 
considerable  portion  of  it  is  a  mixture  of  spinel  and  magnetite,  which 
Avhile  not  a  true  emery,  will  make  a  useful  abrasive.     This  whole  or 
body  might  be  called  a  spinel -emery. 

From  wdiat  has  been  said  regarding  the  occurrence  of  the  emery 
in  these  Peekskill  deposits,  their  pockety  nature  is  what  would  be 
naturally  expected,  and  this  has  been  characteristic  of  all  the  mining 
that  has  been  done  in  this  district.  ^ 

The  Blue  Corundum  Mining  Company,  of  Boston,  Mass.,  is  one  of 
the  largest  miners  in  this  section.  It  has  leased  the  emery  deposits  on 
the  land  of  Isaac  McCoy,  3  miles  southeast  of  Peekskill.  Its  prin- 
cipal work  is  on  the  summit  of  a  hill  about  half  a  mile  south  of  the 
McCoy  house  and  consists  of  an  open  cut  40  to  50  feet  deep,  40  feet 
long,  and  12  to  20  feet  Avide.  The  emery  ore  is  from  4  to  (')  feet  wide, 
but  it  is  broken  up  by  bands  of  serpentine  and  chloritic  rocks.  In 
some  of  the  ore  the  corundiun  is  very  distinct,  occurring  in  elongated 
bluish-white  crystals  u])  to  5  nun.  long.  This  ore  is  very  free  from 
garnet. 

Another  deposit  of  emery  has  been  encountered  50  feet  below  the 
summit,  and  still  another  25  feet  farther  down.  No  mining  has  been 
done  at  either  of  these  points. 

The  ore  is  hauled  by  teams  to  Peekskill,  where  it  is  shipped  by  rail 
to  Easton,  Pa. 

On  a  hill  1  mile  east  of  the  McCoy  mine  H.  M.  Quinn,  of  Phila- 
delphia, Pa.,  has  mined  on  the  land  of  John  H.  Buckby.  Pockets  of 
emery  were  encountered  on  the  summit  of  the  hill  and  at  a  number  of 
points  on  its  western  slope,  but  they  soon  pinched  out.  About  50 
feet  below  the  summit  a  face  of  rock  15  to  20  feet  high  and  40  feet 
across  has  been  exposed.  The  only  emery  seen  here  is  the  remnant  of 
a  pocket. 

As  far  as  could  be  learned  the  emery  deposits  of  the  Tanite  Com- 
pany, of  Stroudsburg,  Pa.,  are  also  leased.  They  are  on  the  lands  of 
Henry  Heady,  Oscar  Dalton,  and  David  Chase,  and  are  for  the  most 
part  similar  to  the  deposits  just  mentioned.     The  ore  on  the  land  of 


COKUNDUM    IN    UNITED    STATES.  189 

irenry  Heady  in  composed  larg'ely  of  garnet,  and  a  considerable  i)()r- 
lion  of  it  has  been  sliipped  by  the  1'anite  Conii)any  to  their  mill  at 


troudsbnrg. 


NOKTIl    CAROLINA. 


Corundnm  has  been  known  to  occur  in  (inantity  in  this  State  for 
over  thirty  years,  l)ut  emery  lias  until  recently  been  known  from  only 
one  locality,  and  liere  the  quantity  was  not  ap])arently  sufficient  to  be 
worthy  of  any  development.  This  deposit  has  been  descril)ed  by 
(xenth"  as  occurring  at  the  McCliristian  place,  7  miles  south  of 
Friendship,  Guilford  Connty. 

During  the  last  few  years  emery  has  been  found  in  Macon  County 
in  what  appears  to  be  considerable  quantity.  Nothing  definite  can 
be  stated  regarding  the  rock  in  which  it  occurs,  as  it  is  greatly  decom- 
])osed  as  far  as  it  has  been  exposed  by  the  excavations.  It  does  have, 
however,  very  much  the  appearance  of  a  decomposed  basic  magne- 
sian  rock.  There  are  a  number  of  small  outcrops  of  this  saprolitic 
rock  about  5  miles  southwest  of  Franklin,  the  county  seat,  and  emery 
in  varying  quantity  occurs  at  all  of  them. 

These  outcrops,  as  far  as  could  be  judged,  are  isolated  and  in  no 
way  connected  with  one  another.  They  are  lenticular  in  form  and 
l)ut  a  few  hundred  feet  w^ide,  the  longer  axis  having  sometimes  two  or 
three  times  this  length.  While  the  general  direction  of  the  strike  of 
these  outcrops  is  nearly  the  same,  they  are  not  in  even  an  approximate 
line  as  regards  one  another.  For  nearly  15  miles  south  of  them  and 
following  the  valley  of  the  Little  Tennessee  River  small  isolated  out- 
crops of  peridotite  are  numerous.  The  country  rock  through  Avhich 
these  have  forced  their  way  is  a  hornblende-gneiss. 

Consid(M-able  mining  was  done  in  1898  by  Dr.  H.  S.  Tineas,  of 
P^ranklin,  at  the  Fairview  mine,  near  North  Skeener  Gap,  about  a 
hundred  tons  of  ore  having  been  taken  out  and  cleaned.  The  vein 
has  been  tapped  at  intervals  for  a  distance  of  nearly  !20()  feet,  good 
emery  being  encountered  at  each  opening.  All  the  work  done  was 
near  the  summit  of  Fairview  Knob. 

One  mile  N.  25°  W.  of  the  Fairview  mine,  on  the  southwest  slopes 
of  Dobson  Mountain,  another  opening  has  l)een  made  for  emery  in  an 
outcrop  of  the  same  rock  on  the  land  of  J.  A.  Waldroop.  A  vein  of 
emery  ore  was  uncovered  here  that  was  15  feet  wide.  No  mining  has 
been  done  here,  all  the  work  being  in  the  nature  of  prospecting. 

Emery  has  been  found  in  similar  outcrops  on  the  lands  of  William 
Mann,  three-fourths  of  a  mile  south,  and  of  James  Ledford,  1^  miles 
S.  30°  E.  of  the  Fairview  mine.  Preliminary  fire  tests  were  made 
upon  the  cleaned  product  of  this  ore,  which  proved  it  to  be  well 

"Bull.  U.  S.  (ipol.  Survey  No.  74,   1801,  p.  .30. 


140  COKXJNDUM^  ITS    OCCURBENCE    AND    DTSTRTBUTTON . 

adapted  for  use  in  the  manufacture  of  the  vitrified  wheel.  With  the 
completion  of  the  railroad  to  Franklin,  which  follows  down  the  val- 
ley of  the  Little  Tennessee  River,  from  the  (leorgia  line,  all  of  these 
deposits  Avill  be  in  close  ]>roximity  to  railroad  transportation. 

Six  miles  north  of  Burnsville,  Yancey  County,  on  the  south  side  of 
Mine  Fork,  half  a  mile  above  its  mouth  and  300  feet  al)ove  it,  corun- 
dum has  been  found  Avhich  is  in  very  finely  divided  particles,  inti- 
mately mixed  with  magnetite,  menaccanite,  and  staurolite.  The 
staurolite  is  transparent  and  of  a  rich  brownish  color,  and  has  been 
mistaken  for  corundum.  The  staurolite  and  corundum  together 
constitute  from  5  to  10  per  cent  of  these  mixed  minerals.  The  oidy 
work  that  has  been  done  here  is  the  sinking  of  two  small  openings, 
75  feet  apart,  on  the  strike  (N.  25°  E.)  of  the  ore,  which  has  exposed 
it  for  a  width  of  G  to  10  feet.  Nearer  the  sunnnit  of  the  ridge,  and  to 
the  west,  a  similar  outcrop  of  ore  has  been  found.  Unless  it  is  found 
by  further  work  that  the  percentage  of  the  corundum  increases,  this 
deposit  will  liaA  e  little  or  no  commercial  value.  The  railroad  is  now 
within  3  miles  of  this  deposit,  and  will  give  good  transportation 
facilities  if  a  large  deposit  of  commercial  ore  sliould  be  developed. 

VIRGINIA. 


In  Pittsylvania  County,  about  If  mih^s  nearly  due  west  of  Whittles, 
a  station  on  the  Southern  Kaih'oad,  emei-y  has  l)een  found  at  a  num- 
l)er  of  localities  on  the  lands  of  Messrs.  Kicliard  C.  Keatts,  J.  I). 
Craddock,  J.  H.  Hargeaves,  and  J.  W.  Xance,  jind  on  the  John 
Yeates  estate.  Surface  emery  is  (juite  abundant  on  many  of  these 
farms.  The  oidy  ])lace  Avhere  any  attempt  has  been  made  to  explore 
the  emery  is  on  the  Keatts  farm,  where  two  o])enings,  al)out  300  feet 
apart,  have  been  made,  on  what  are  apparently  i)arallel  Ai>ins.  P]ach 
opening  is  al)out  20  feet  deej).  From  the  lower  one  two  drifts,  10  to 
15  feet  long,  followed  on  the  vein.  All  the  rocks  are  saprolitic,  but 
those  inclosing  the  emery  have  the  appearance  of  altered  amphibo- 
lites  or  pyroxenites,  and  the  occurrence  is  similar  to  that  near  Frank- 
lin, Macon  County,  N.  C. 

The  emery  occurs  in  seams  and  loose  fragments,  Avhich  are  badly 
stained,  but  on  a  fresh  fr-acture  it  is  black  and  has  a  metallic-  luster. 

CORUNDUM    LOCALITIES   IN    THE   UNITED   STATES. 

Under  this  head  are  included  j^ractically  idl  the* localities  in  the 
United  States  at  which  corundum  has  been  found.  If  the  localities 
liave  already  been  described  in  the  foregoing  pages,  they  are  simply 
mentioned  here.  OtherAvise,  in  most  cases,  the  mode  of  occurrence 
and  also  some  ideji  of  the  extent  and  character  of  the  corinuhnu  are 
giA^en. 
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This  list  is  probably  not  (•()iii])l('te,  but  it  represents  all  those  k)cal- 
it  ies  that  I  lia\'e  visited  and  those  of  which  an  authenticated  record 
(  ould  be  obtained. 

ALABAMA.'' 

J>i((lle}/r'dle. — Between  this  town  and  Perry  Mills,  Tallapoosa 
County,  corundum  has  l)een  picked  \\\)  at  a  number  of  places  in  the 
soil,  but  none  has  been  found  in  place.  Peridotite  rocks  have  been 
fonnd  in  the  vicinity,  and  it  is  not  at  all  improbable  that  the  corun- 
dum was  derived  from  these  rocks. 

llano  re r. — (\)rundum  has  been  found  si)arin<>ly  in  Coosa  County 
in  the  vicinity  of  this  towai. 

(ALT  FORK  I  A. 

M(ui(]<)tr  VaUvii. — -Near  this  town  corundum  has  been  found  in 
])lumasite.      (vSee  p.  12). 

PluiiKis  (U}uiity. —  (See  j).  12.) 

l.o.s  AiK/clcs  (^oKiitij. — Corundum  is  reported  as  having  Ijeen  fonnd 
in  the  drift  of  San  Francisquito  Pass.'' 

conoKADo. 

Cdin/oii. — In  a  granitic  rock.      (See  p.  ID.) 

(lui-lfcc  Count  [I . — Corundum  crystals  have  been  found  at  the  Calu- 
met iron  mines  in  the  mica-schisti-i  at  their  contact  with  intrusive 
dikes  of  diorite.  Mr.  R.  C.  Hills,  geologist  to  the  Colorado  Fuel  and 
Iron  Company,  writes  that  the  ore  occurs  in  a  band  of  rock  ()  inches 
U)  2  feet  thick  that  has  been  followed  for  a  distance  of  500  feet,  and 
that  it  averages  10  jx^r  cent  of  corundum. 

Saxon  Mountain:' — Corundum  has  l)een  found  by  Mr.  F.  A.  Max- 
well on  Saxon  Mountain,  near  Georgetown,  Clear  Creek  County. 

CONNECTICUT. 

Barhhamsted. — Near  this  town,  in  Litchfield  Comity,  corundum 
has  recently  been  discovered.      (See  p.  132.) 

Litch-field. — Corundum  was  found  here  associated  with  talc  and 
])yrite  in  a  mass  of  blue  cyanite.  Only  surface  specimens  were 
found. 

Norwich. — In  the  vicinity  of  this  place  corundnm  was  found  spar- 
ingly wdth  sillimanite. 

«  Rept.  (^eol.  Survey  Alabama,  1875,  p.  85. 
"Dana's  Mineralogy,  0th  ed.,  1902,  p.  213. 
'■  Min.  and  Sci.  Press,  September,  1903. 
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DELAWARE. 

Corundum  has  been  found  in  this  State  in  the  serpentine  rocks  near 
the  Pennsylvania  border.  The  only  locality  definitely  known  is  near 
Chandlers  Hollow,  in  Newcastle  County,  about  2^  miles  south  of 
Concord,  Delaware  County,  Pa.  It  has  been  found  only  in  small 
quantity. 

GEORGIA. 

Acworth. — Seven  miles  southwest  of  Acworth,  Cobb  County,  there 
is  a  large  peridotite  formation  which  is  entirely  within  Paulding 
County.  From  a  pit  sunk  within  this  formation  about  1,000  pounds 
of  corundum  were  taken  out.  It  is  of  ]30or  quality,  but  makes  hand- 
some mineral  specimens. 

Bell  Creek  mine. — This  mine  is  4  miles  north  of  Hiawassee,  ToAvns 
County,  and  the  corundum,  mostly  of  a  pink  color,  occurs  in  peri- 
dotite. The  work  done  consists  of  a  pit  12  feet  square  by  12  feet 
deep.     Only  a  small  quantity  of  corundum  was  found. 

Caldwell. — On  the  property  of  Mr.  R.  J.  Cook,  of  Caldwell,  Union 
County,  pieces  of  sapphire  corundum  weighing  10  pounds  and  up- 
ward have  been  picked  uj)  on  the  surface.      (See  }).  105.) 

Centmlhatchee. — At  this  place,  which  is  in  Heard  County,  grayish, 
white,  and  blue  corundum  has  been  found  in  a  matrix  of  hornblende, 
which  is  associated  with  basic  magnesian  rocks. 

Douglas  County. — Blue  corundum  in  a  pale-greenish  cyanite. 

Foster'  mine. — The  corundum  occurs  in  quartz-schist.     (See  p.  123.) 

Gaines r'dle. — Beautiful  specimens  of  red  corundum  have  been 
found  in  the  i)eridotite  formation  1  mile  east  of  Cainesville,  Hall 
County. 

Habersham  County. — Corundum  has  been  found  as  surface  special 
mens  at  a  number  of  localities  in  this  county,  and  at  one  place  in  the 
peridotite  formation.  There  have  been  no  developments  and  there 
are  no  indications  of  any  quantity. 

Hamilton  m/me. — The  corundum  occurs  in  a  peridotite  formation 
about  5  miles  north  of  Young  Harris,  Towns  County.  No  large 
quantity  has  been  found. 

Hiawassee. — Corundum  has  been  picked  up  on  the  surface  at  a 
number  of  localities  in  the  vicinity  of  HiaAvassee.  Some  of  the  corun- 
dum found  has  been  of  a  ruby  color  and  nearly  transparent.  See 
also  Hog  Creek  mine. 

Hog  Creek  mine. — This  mine  is  2  miles  a  little  south  of  west  of 
Hiawassee,  Towns  County,  but  it  lacks  development.  The  corundum 
is  associated  with  peridotite,  and  is  pink,  blue,  and  white. 

Laurel  Creek  mine. — In  peridotite.     (See  p.  128.) 

Monroe. — Four  and  a  half  miles  from  Monroe,  Walton  County,  on 
the  farm  of  Mr.  George  W.  Breedlove,  black  corundum  has  been 
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foil  IK  I  associated  with  peridotite  rocks.  Some  little  prospecting  has 
ixHMi  done  here  within  the  formation  and  some  near  the  contact. 

Pine  Mountain^  Rabun  County. — In  peridotite.      (See  p.  128.) 

Porter  Springs. — One  mile  southeast  of  this  place  (in  Lumpkin 
County)  corundum  has  been  found  in  an  amphibolite,  but  not  in 
piantity. 

Powder  Springs, — There  is  a  considerable  outcrop  of  peridotite  in 
Cobb  County,  in  the  vicinity  of  Powder  Springs,  Avliich  otl'ers  a  prom- 
ising place  for  prospecting.  A  small  vein  has  been  opened  on  the 
W.  B.  Turner  farm. 

Rabun  Gap. — Several  pounds  of  corundum  have  been  obtained 
from  the  Beavett  mine;  it  occurs  in  a  peridotite  rock. 

Teltonville. — One  mile  north  of  this  town,  in  Forsyth  County,  sur- 
face specimens  of  corundum  have  been  found  which  evidently  origi- 
nated in  the  quartz-schists  of  this  region. 

Stone  mhie. — This  nunc,  which  is  in  the  same  general  formation  as 
[he  Track  Rock  mine  (see  p.  130),  is  in  Rabun  County.  Only  a  little 
[levelopment  has  been  undertaken,  and  the  prospect  that  the  deposit 
may  be  valuable  is  not  very  favorable. 

71io)iiaston. — Seven  to  8  miles  southwest  of  Thomaston,  Upson 
Oounty,  considerable  corundum  has  been  found  on  the  surface  at  the 
)ld  Kelly  farm.  Some  of  the  specimens  of  the  corundum  in  the 
natrix  indicate  that  it  was  derived  from  a  mica-schist.  The  crystals 
ire  all  flat  and  tabular,  with  basal  plane  very  prondnently  developed, 
Hid  they  vary  in  thickness  from  an  eighth  to  half  an  inch.  They  are 
usually  bounded  by  the  prism  and  the  l)ase  with  occasionally  the  unit 
L'hombohedron.  The  basal  plane  is  often  pitted  or  etched  with  tri- 
ingular  indentations  similar  to  those  described  as  occurring  on  the 
North  C^arolina  rubies  (p.  108)  and  the  Montana  sapphires  (p.  109). 

Track  Rock  mirw. — In  peridotite.      (See  p.  130.) 

West  Point. — A  short  distance  northeast  of  this  toAvn  (in  Trouj^ 
Hounty)  corundum,  has  been  found  sparingly  in  a  narrow  strip  of 
peridotite.     Apparently  no  large  (juantity  is  present. 

IDAHO. 

Oriflno  Creek. —  (See  p.  116.) 

Pierce  City. — Fragments  and  crystals  of  corundum  have  been  found 
n  the  gravel  deposits  in  the  vicinity  of  Pierce  City.      (See  p.  116.) 
Rhodes  Creek. —  (See  p.  116.) 

MAINE. 

Corundum  has  been  found  sparingly  at  Greenwood,  Me.,^  occurring 
in  crystals  in  mica-schist  and  associated  with  beryl,  zircon,  and 
lepidolite. 

«  Dana's  Mineralogy,  6th  ed.,  1902,  p.  213. 
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MARYLAND. 


Corundum  has  been  reported  as  occurring  in  the  vicinity  of  White- 
hall, Baltimore  County,  but  no  definite  information  can  be  obtained 
that  any  has  been  found  here  beyond  a  stray  surface  specimen. 


MASSACHUSETTS. 

Chester. — Emery  in  amphibolite.      (See  pp.  -^8,  92,  134.) 
Hunt'mgtoii. — Emery  in  amphibolite.      (See  p.  137.) 
Pelham. — Corundum  in  saxonite.      (See  p.  53.) 

MONTANA. 

American  Bar. — The  lowest  bar  on  the  Missouri  River  on  which 
sapphires  have  been  found.     (See  p.  lOG.) 

Anceny  mine. — In  syenite.      (See  p.  133.) 

Belf/rade.—  (8ee  pp'.  48,  133.) 

Bozem-an. — Fourteen  miles  southwest  of  this  toAvn  corundum  i^ 
found  in  syenite.      (See  p.  133.) 

Cottonwood  Creek. — In  the  gravels  of  this  creek  greenish-coloredl 
sapphires  have  been  found.      (See  p.  111.) 

Dana  Bar. — A  bar  in  the  Missouri  River,  in  the  gravels  of  which] 
sapphires  have  been  found.      (See  p.  107.) 

Eldorado  Bar. — Sapphires  in  the  gravel.      (See  p.  107.) 

Emerald  Bar. — The  highest  bar  on  the  Missouri  River  in  which 
sapphires  have  been  found.      (See  p.  107.) 

French  Bar. — Sapphires  have  been  found  in  a  small  dike  of  andes- 
ite.     (See  p.  107.) 

Gallatin  County. — Corundum  in  syenite.      (See  pp.  48,  133.) 

Magpie  Gulch. — Pale-greenish  sapphires  have  been  found  in  the 
gravel.     (See  p.  107.) 

Metropolitan  Bar. — Sapphires  occur  in  tlie  gravels.      (See  ]).  108.) 

Missouri  River  bars. — In  the  various  bars  along  the  Missouri  River. 
18  miles  east  and  northeast  of  Helena,  sapphires  have  been  found  in 
the  graveL     (See  p.  106.) 

N orris. —  (See  p.  110.) 

Roch  Creek. — Sapphires  of  all  colors  are  found  in  the  gravel  of  this 
creek.     (See  p.  110.) 

Ruljy  Bar. — Sapphires  occur  in  an  andesite  dike.     (See  p.  44.) 

Spokane  Bar. — A  bar  of  the  Missouri  River  where  the  most  mining 
has  been  done  for  sapphires  that  occur  in  the  gravels.     (See  p.  107.) 

Togo  Gulch. — Blue  sapphires  occur  in  a  dike  of  monchiquite. 
(Seep.  111.) 

NEVADA. 

Silver  Peak. — Corundum  has  been  reported  from  near  this  place. 
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NEW    JERSEY. 

Franklin  Furnace. — A  small  pocket  of  coruhdiini  has  been  found 
('i'(^  associated  with  dolomitic  limestone. 

Xewto7i. — Blue  and  white  corundum  occurs  in  a  whitish  feldspar 
icar  the  contact  of  the  granitic  rock  and  white  limestone. 

Verizon. — Small  pockets  of  corundmn  in  limestone,  but  not  in  great 
jiiantities.     (See  p.  60.) 

NEW    YORK. 

Imifij. — Blue  and  white  corundum  has  been  found  in  the  limestone 
lear  Amity  and  Warwick,  Orange  County.  Does  not  occur  in  large 
[uantity. 

Peel' si' ill. — A  short  distance  east  of  Peekskill  emery  is  found  in 
)asic  magnesian  rocks  in  some  quantity.      (See  p.  137.) 

NORTH    CAROLINA. 

Acme  mine. — This  mine  is  located  about  three-quarters  of  a  mile 
vest  of  Statesville,  Iredell  County.  The  corundum  occurs  in  crystals 
n  an  amphibolite. 

Addle. — Crystals  of  corundum  have  been  found  sparingly  asso- 
iated  with  the  peridotite  rocks  in  the  vicinity  of  Addie,  Jackson 
'ounty. 

Ashe  mile. — Near  this  town  in  garnetiferous  gneiss.      (See  p.  51.) 

Bad  Creek  inine. — Corundum  associated  with  peridotite.      (See  p. 

Bakersville. — Corundum  crystals  have  been  found  sparingly  in  the 

gneiss  at  William  Bowman's,  three-fourths  of  a  mile  west  of  Bakers 

ville,  Mitchell  County. 
Behr  mine. — This  mine  is  near  Elf  post-office,  on  Shooting  Creek, 

Clay  County.     Pink  and  white  corundum  have  been  found  associated 

with  peridotite  rocks. 

Belts  bridge. — Crystals  of  black  corundum  occur  in  an  amphibolite 
miles  northwest  of  Statesville,  Iredell  County,  on  the  Hunter  farm. 
Betts  gap. — Corundum  in  splendid  grayish- white  crystals  that  are 

translucent  is  found  in  the  giieiss  to  the  south  of  the  gap  in  Jackson 

County.     Garnet  also  occurs  in  the  gneiss. 

Blue  Ridge  properties. — Corundum  occurs  in  gneiss.  (See  p.  122.) 
Brockton  mine. — Corundum  occurs  in  the  peridotite.  (See  p.  121.) 
Buck  Creek  mine. — Also  known  as  the  Cullakeenee  mine.      Is  in 

a  peridotite  formation.     (See  p.  120.) 

Burnt  Rock  mine. — In  a  peridotite  formation.      (See  p.  124.) 
Caler  Fork. — Rub}^  mine,  the  crystals  being  found  in  the  gravels  of 

the  creek.     (See  p.  98.) 

Bull.  269— 06  M 10 
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(Janey  Fork. — Two  miles  aboAT  the  mouth  of  this  creek,  in  Jacksoi 
County,  corundum  is  found  in  the  chk)rite-schist  in  considerabl 
quantity.  At  many  points  ak)ng'  this  creek  and  its  tributaries  corun 
dum  has  been  found  in  the  chlorite-schists  and  in  gneiss  near  thes 
schists,  as  at  the  mouth  of  and  also  2  miles  up  Chastains  Creek  aiK 
on  Shoal  Creek  Mountain,  on  the  West  Fork. 

Carpenter,'^  Knob. — x\long  the  ridge  leading  northwest  from  Carpen 
ters  Knob,  near  the  border  of  Burke,  Cleveland,  and  Catawba  conn 
ties,  corundum  in  grayish-blue  tapering  crystals  is  found  associate! 
with  garnetiferous  gneisses  and  schists. 

Garter  ■mine. — Corundum  occurs  in  a  peridotite  formation  asso 
ciated  with  spinel.  Considerable  work  was  done  here  ten  years  ago 
but  since  then  the  mine  has  been  idle.  This  locality  offers  a  some 
what  promising  prospect. 

Celos  Ridge. — Corundum  crystals  2  to  ->  inches  long  have  beei 
found  sparingly  in  the  decomposed  gneiss  on  this  ridge  8  miles  south 
east  of  Burnsville,  Yancey  County. 

Chastains  Creek. — See  above,  under  Caney  Fork. 

Chunky  Gal  Monntaht. — Corundum  has  been  found  in  the  bandi 
of  (luartz-schists  and  gneiss  of  which  the  Chunky  Gal  Mountain  ii 
composed.  Garnet  is  associated  with  the  corundum,  which  forms  j 
very  small  percentage  of  the  rock.  This  occurrence  is  described  on 
page  51. 

Collins  7nine. — Pink  corundum  in  cyanite  occurs  at  this  mine  neaj 
Statesville,  Iredell  County. 

Corundum,  Hill  mine. — The  corundum  at  this  mine  occurs  in  i 
peridotite.     (Seep.  IIT.) 

Cowee  Valley. — Ruby  and  red  corundum,  many  specimens  of  whicl 
are  transparent,  are  found  in  the  alluvial  deposits  of  this  valley 
(See  description  of  ruby  mine,  pp.  98-10r3.) 

Coweeta. — Pink  corundum  is  found  in  a  greenish  cyanite  at  thi^ 
place,  in  Macon  County. 

Cullakeenee  mine. — Same  as  the  Buck  Creek  mine. 

CuUasagee  m^ine. — This  is  the  same  as  the  Corundum  Hill  mine. 

Democrat. — Corundum  has  been  found,  sparingly  associated  W\i\ 
the  peridotite  rocks,  a  little  to  the  south  of  this  place,  in  Buncombe 
County. 

Egypt  mine. — This  mine  is  located  in  Yancey  County,  10  miles  west 
of  Burnsville,  and  the  corundum  is  in  a  peridotite.  It  is  in  crystal- 
line masses  and  distinct  crystals  of  a  white  color,  often  mottled  witb 
blue.  This  occurrence  is  interesting  as  being  the  only  one  where 
corundum  has  been  found  surrounded  directly  by  dunite. 

Elf. — Beautiful  si3ecimens  of  pink  corundum  are  found  in  the 
green  amphibolite.    Occasionally  there  are  blue  pieces  in  this  rock. 
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hlUjdl/  i^rcvk, — Coninduin  has  hccn  found  at  many  i)<)iiits  in  tlu' 
valley  of  this  croek,  associated  Avitli  peridotite  rocks,  llie  more  im- 
portant of  these  are  the  Mincey,  Haskett,  and  Iligdon  mines. 

Fairmew  mine. — At  this  mine  emery  occurs  in  basic  mag'nesian 
rocks.      (Seep.  VM).) 

Flshhawk  J/otnifa/n. — At  an  elevation  of  4,()()()  feel  on  llie  western 
slope  of  this  mountain,  on  Hickory  Knoll  Creek,  in  Macon  County, 
corundum  has  been  found  sparingly  in  a  small  outcroj)  of  dunite. 

Foster  mine. — Near  the  summit  of  Chunky  Gal  Mountain,  near  the 
Iiead waters  of  the  northern  fork  of  Shooting  Creek,  in  Clay  County, 
corundum  occurs  in  peridotite.      (See  j).  128.) 

(T((.ston  County. — I^lue  corundum,  associated  Avith  mica  and  (juai'tz. 
has  been  found  at  Chubbs,  CroAvders,  and  Kings  mountains,  in  thi,^ 
county.     Emery  also  has  been  found  at  Crowders  Mountain. 

GJenriUe. — Four  miles  north  of  this  town,  in  Macon  County,  corun- 
dum occurs  in  chlorite-schist  similar  to  that  on  Caney  Fork. 

Gray  property. — Corundum  in  peridotite.     (See  p.  119.) 

GrhnsJiaiv  Gem  mine. — Sapphires  of  various  colors  have  been 
found  at  this  mine  in  peridotite.  It  is  near  Mont  vale  post-office, 
elackson  County.     (See  p.  104.) 

Hampton  mine. — Same  as  Mine  Fork. 

Haskett  mine. — This  is  given  under  Ellijay  Creek. 

Herbert  mine. — This  mine  is  on  Little  Buck  Creek,  Clay  County, 
and  is  in  a  long,  narrow  arm  of  peridotite  extending  out  from  the 
main  mass  of  the  Buck  Creek  peridotite  formation.  Some  prospect- 
ing has  been  done  here,  and  although  corundum  has  been  found,  the 
main  mass  of  it  occurs  in  connection  with  the  main  mass  of  peridotite. 

Higdon  mine. — This  mine  was  worked  for  a  short  time,  and  there 
is  connected  with  it  a  mill  for  washing  and  cleaning  the  ore.  (See 
Ellijay  Creek,  above.) 

Ishel  mine. — Corundum  occurs  sparingly  in  v>4iat  may  be  a  decom- 
posed amphibolite.  One  of  the  largest  washing  and  cleaning  inills  in 
the  State  is  at  this  mine. 

Kings  Mountain. — See  Gaston  County. 

Marshall. — Corundum  has  been  found  in  large  gray  crystals 
half  a  mile  north  of  the  mouth  of  Big  Ivy-  Kiver  and  8  miles  above 
Marshall,  Madison  County,  on  the  surface  of  a  large  amphibolite 
outcrop.     It  is  on  the  property  of  Mr.  G.  C.  Haynie,  of  Marshall. 

McChristian  place. — Emery  of  reddish-brown  and  grayish  colors 
has  been  found  at  this  place,  which  is  7  miles  north  of  Friendship, 
Guilford  County.  The  property  lacks  development.  Surface  speci- 
mens of  corundum  have  also  been  found  here. 

Mincey  mine. — The  corundum  at  this  mine  is  found  in  peridotite. 
rSeep.  119,) 
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Mine  Fork. — Emery,  associated  Avith  staiirolite.     (See  p.  140.) 

Montoale. — At  many  of  the  peridotite  formations  in  the  vicinit}^  of 
Montvale,  Jackson  County, corundum  has  been  found.    (Seep.  104.) 

Newfound  Gap. — A  little  to  the  south  of  this  gaj),  in  Haywood 
County,  red  corundum  has  been  found  on  the  surface  of  a  small  mass 
of  dunite. 

No)ia. — Corundum  in  distinct  crystals  has  been  found  on  the  sur- 
face, in  the  vicinity  of  gneiss,  at  Nona,  Macon  County. 

Otcens  Creek. — Crystals  and  grains  of  corundum  have  been  found 
in  bowlders  of  cyanite  near  the  mouth  of  this  creek,  in  Transylvania 
County. 

Presley  mine. — This  mine  is  located  4  miles  north  of  Canton.  Hay- 
wood County.  The  corundum,  of  a  blue  and  bluish-gray  color, 
occurs  in  a  pegmatitic  dike. 

Reed  mine. — The  corundum  at  this  mine,  which  is  ()  ndles  east  of 
Franklin,  Macon  County,  occurs  in  a  saprolitic  rock,  and  is  in  small 
prismatic  crystals  of  a  bluish  color,  some  of  which  are  nearly  trans- 
parent. 

Retreat. — Near  Retreat  post-office,  in  Haywood  County,  corundum 
has  been  found  in  limited  quantity  in  small  pegmatitic  dikes  in  the 
gneiss. 

Sap2^hire. — The  mines  in  the  vicinity  of  this  town  are  described  on 
page  123. 

Sapphire  mine. — The  corundum  occurs  in  peridotite.      (See  p.  125.) 

Scaly  Mountain. — The  corundum  occurs  in  quartz-schist.  (See 
p.  122.) 

She-fji^eld  mine. — The  corundum  at  this  ndne  is  in  amphibole-schist. 
(Seep.  119.) 

Skeener  Gap. — Emery  is  found  here  in  a  basic  magnesian  rock. 
(Seep.  139.) 

Shoups  Ford. — At  this  place,  in  Burke  County,  corundum  has  been 
found  associated  with  fibrolite. 

Socrates  mine. — One  of  the  mines  in  the  vicinity  of  Sapphire. 
Corundum  occurs  in  peridotite.      (See  p.  125.) 

Sioannanoa  Gap. — Float  corundum  has  been  found  near  an  out- 
crop of  peridotite. 

Thumping  Creek. — Corundum  has  been  found  in  rough  nochdes 
and  flat  crystals  in  gneiss  on  tlie  property  of  Curtis  Ledford  and  C.  C. 
Patterson,  on  this  creek,  Macon  County. 

Turkey  Knob. — On  the  summit  of  this  mountain,  near  the  Macon- 
Jackson  county  line,  corundum  has  been  found  sparingly  in  gneiss. 

Waldroop  /nine. — Emery  has  been  found  in  a  basic  magnesian  rock. 
(See  p.  139.) 
.    Watauga  mine. — Same  as  the  Reed  mine. 
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West  Mills. — Red  and  ruby  corundum  have  been  found  in  the  old 
l: ravel  beds  of  the  streams  on  tlio  West  farm,  near  West  Mills,  Macon 
(  ounty. 

Whitewater  mine. — The  corundum  is  in  peridotite.      (See  p.  125.) 

Winston-Salem. — Near  this  place,  in  Forsyth  County,  emery  has 
Ih'cu  found  similar  to  that  at  the  McChristian  2:)lace. 

Yellow  Mountain. — The  gneisses  of  this  section  carry  a  small  per- 
j-entage  of  corundum.      (See  \).  1*22.) 

PENNSYLVANIA. 

BlaehliOTse. — Slender  grayish  crystals  of  corundum  have  been 
found  at  this  place,  which  is  near  Media.  Delaware  County.  This  has 
been  found  inclosed  by  feldspar. 

Fremont. — Xear  this  place,  in  West  Nottingham  Township.  Chester 
County,  corundum  crystals  have  been  found,  surrounded  by  feldspar. 

Mineral  II ill. — Corundum  crystals  have  been  found  at  this  place, 
which  is  near  Media,  in  Middletown  Township.  Delaware  County. 
They  were  surrounded  by  feldspar  similar  to  that  at  Blackhorse. 

Newlin. — See  under  Unionville. 

SliimerviUe. — At  this  place,  in  Lehigh  County,  corundum  crystals 
up  to  8  inches  in  length  and  4^  inches  in  diametei-  have  been  found 
loose  in  the  soil. 

Unionville. — In  a  large  mass  of  serpentine  rocks,  1  mile  northeast 
of  this  village,  corundum  has  been  found.      (See  p.  132.) 

Yillagegreen. — Large  crystals  of  corundum  of  a  brownish  color  are 
found  near  this  village,  in  Aston  Township,  Delaware  County. 

West  Chester. — Corundum  has  been  found  in  a  serpentine  of  this 
township. 

SOUTH    CAROLINA. 

Anderson  County. — Corundum  has  ])een  reported  from  this  comity. 
but  none  has  been  found  in  place. 

Energy. — See  York  County. 

Gaffney. — Corundmn,  usually  of  a  gray  coloi-  and  in  irregular 
masses  up  to  8  or  4  inches  in  diameter,  has  been  found  about  8  miles 
northwest  of  Gaffney,  on  the  Island  Ford  road,  near  Maud  post- 
office,  on  the  Turner  Phillips  farm.  It  has  not  been  found  in  situ, 
but  in  the  gravels  of  a  small  stream  and  as  loose  fragments  in  the 
fields  on  the  adjoining  slopes.  The  fragments  and  what  few  crys- 
tals have  been  found  are  generally  free  from  gangue,  but  some  have 
been  found  with  mica  scales  attached  to  them.  It  is  not  at  all 
improbable  that  this  corundum  was  derived  from  a  mica-schist. 

Laurens. — About  1^  miles  northeast  of  this  town,  in  Laurens 
County,  corundum  has  been  found  rather  abundantly  scattered  over 
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the  surface.  This  surface  corundum  has  been  found  for  a  number  of 
miles  to  the  southwest  of  this  toAvn.  AUhou<>-h  no  corundum  has 
been  found  in  phice,  it  Avas  probably  derived  from  a  mica-schist,  for 
the  country  rock  in  this  section  is  largely  a  schist,  and  corundum 
crystals  Avere  found  with  portions  of  the  mica -schist  attached  to 
them.  The  crystals  are  all  rough,  and  A^ary  from  small  ones  to  some 
that  AA^ere  OA^er  3  inches  long  and  1  inch  in  diameter. 

Oconee  County. — Corundum  has  been  found  on  the  surface  in  this 
county,  but  none  has  been  found  in  place. 

Yoi'k  County. — In  the  northern  part  of  this  county,  at  Energy, 
near  the  North  Carolina  line,  a  black  corundum  has  been  found  quite 
abundantly.      (See  p.  130.) 

UTAH. 

It  is  reported  that  a  large  deposit  of  corundum  AA\as  found  in  this 
State  in  1900,  but  no  accurate  information  has  been  thus  far  obtained 
regarding  location  or  quantity. 

A'IRGINIA. 

Louisa  County. — Deep  blue  crystals  of  corundum  haA^e  been  found* 
in  the  soil  in  this  county,  but  the 'exact  locality  is  not  knoAA^i. 

PittHylvania  County. — Emery.      (See  p.  140.) 

Stiiai't. — Corundum  has  been  found  in  a  mica-schist  near  this  place 
on  Bull  Mountain.  (See  p.  55.)  No  deA-elopment  of  the  occurrence 
has  been  made  to  determine  the  extent  of  the  deposit  or  the  percent- 
age of  corundum. 

^VhittleH.—Em^vJ.     (See  \).  140.) 

ALASKA.    . 

Copper  River. — Asteriated  corundum  of  gray  and  pink  colors  is 
said  to  occur  in  a  locality  on  Copper  RiA^er,  Alaska. 

DISTRTBITTTON  OF  C  ORtTISTDUM  IN^  FOKETGK  COUIN^TRTF.S. 

Until  AA^ithin  the  last  fcAA'  years  there  AA'ere  no  localities  outside  of 
the  United  States  where  corundum  Avas  mined  for  abrasiA^e  p.irposes, 
AAith  the  exception  of  the  emery  (lei)osits  of  Turkey  and  of  the 
Grecian  Archipelago.  This  condition  is  uoaa^  changed,  and  corundum 
lias  been  mined  in  India  and  exported  to  the  United  States  and  to 
Europe.  During  1901  the  Canadian  deposits  of  this  mineral  AA^ere 
commercially  deA'eloped,  the  product  going  principally  to  Europe  and 
the  United  States.  This  i)roduction  has  continued  to  increase  each 
3^ear  since  that  time.  Short  descriptions  are  given  beloAV  of  those 
deposits  that  are  of  connnercial  importance. 


Ills 
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CANADA. 

The  Canadian  corundum  deposits,  which  have  been  attractine:  con- 
siderable attention,  are  in  the  Province  of  Ontario.  Tlie  corundum 
occurs  as  a  ])riniary  constituent  of  syenite,  pegmatite-syenite,  and  also 
of  nepheline-syenite,  and  those  rocks  have  been  traced  for  over  50 
ndles  across  Renfrew,  Hastings,  and  Haliburton  counties,  with  smaller 
})elts  of  the  same  rocks  in  Peterboro,  Lanark,  and  P^rontenac  dis- 
tricts to  the  south,  making  a  total  distance  of  nearly  100  miles  in 
which  these  rocks  have  been  found. 

The  rock  ■  varies  from  a  normal  syenite  to  a  nepheline-syenite,  a 
mica-syenite,  and  a  pegmatite-syenite.  Corundum  has  been  found  in 
all  four  of  these  rocks,  but  it  is  more  abundant  in  the  normal  syenite, 
which  might  well  be  classified  as  a  corundum-syenite.  These  rocks, 
wdiich  occur  as  dikes  cutting  through  the  gneisses,  are  sometimes  in 
large  masses  that  appear  to  grade  into  granite.  The  dikes  vary  greatly 
in  width,  being  usually  a  number  of  feet  wide;  a  few  have  been 
observed,  however,  that  were  only  a  few.  inches  wide  and  these  were 
thickly  studded  with  corundum  crystals.  Analyses  of  this  rock  from 
various  parts  of  the  occurrence  show^  it  to  contain  from  5  to  15  per 
cent  of  coriuidum. 

The  principal  operator  of  these  corundum  deposits  is  the  Canada 
Corundum  Company  (Limited) ,  which  owns  deposits  in  the  townships 
of  Raglan,  Radcliffe,  Brudenell,  Carlow,  Monteagle,  and  Dungannon. 
This  company's  principal  works  are  located  at  Craigmont,  in  the 
extreme  northwestern  part  of  Raglan  Township,  RenfrcAV  County, 
about  8  miles  southwest  of  Combermere,  Avhere  a  corundum  mill, 
having  a  capacity  of  15  tons  of  cleaned  corundum  a  day,  has  been 
erected.  The  percentage  of  corundum  in  the  commercial  product  is 
higher  than  in  any  corundum  that  has  been  put  on  the  market  for 
many  years.  When  this  corundum  was  first  discovered  in  the  normal 
syenite,  the  corundum  on  the  surface  showed  a  superficial  alteration, 
which  partially  or  wholly  destroyed  its  abrasive  value.  Ah  mining 
was  carried  deeper,  however,  this  alteration  was  found  to  grow  less 
and  finally  to  disappear,"So  that  the  more  recent  tests  of  the  com- 
mercial corundum  from  this  mine  show  that  it  is  giving  very  good 
satisfaction  as  an  abrasive,  and  a  very  pure  commercial  corundum 
product  is  obtained.  One  of  the  chief  difficulties  encountered  in 
cleaning  this  corundum  w^as  the  elimination  of  the  feldspar,  but  this 
difficulty  has  finally  been  overcome. 

There  are  two  other  companies  operating  corundum  deposits  in  this 
district.  One,  the  Ontario  Corundum  Company,  whose  mine  is  situ- 
ated at  New  Carlow,  about  12  miles  from  Craigmont,  has  also  erected 
a  mill  having  a  capacity  of  4  tons  of  cleaned  corundum  per  day.     The 
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other  company  is  the  Corundum  Refiners  (Limited),  who  own  corun- 
dum deposits  on  Madawaska  River,  near  Palmer  Rapids,  Renfrew 
County,  and  on  York  River,  in  Dungannon  Township,  near  Bancroft, 
Hastings  County.  The  location  of  the  corundum-bearing  rocks  is 
indicated  on  the  map  (fig.  24). 

Miller  «  has  described  specimens  of  corundum  from  Methuen  Town- 
ship, Peterboro  County,  that  are  entirely  inclosed  by  mica.  Ho 
says :  "  The  corundum  is  often  not  observed  in  the  mica  until  the 
latter  is  broken  open,  when  it  is  found  forming  the  center  or  core  of 


Outcrops  of 
corundum-  bearing  roc/f 


Seal 


Fig.  24. — Map  sliowing  location  of  the  conindum-beaiinsi-  rocks  of  Ontario. 

the  mass.  The  rounded  surfaces  of  the  corundum  and  other  charac- 
teristics lead  to  the  belief  that  the  masses  of  light-colored  mica  are 
secondary  products  after  corundum."  This  very  closely  resembles 
specimens  of  corundum  surrounded  by  muscovite  mica  that  have  been 
found  in  the  Presley  mine  in  Haywood  County,  N.  C.  (see  p.  148), 
in  which  the  muscovite  is  undoubtedly  a  secondary  product  after  the 
corundum.       \ 

In  the  township  of  South  Sherbrooke,  Lanark  County,^  corundum 
has  been  found  in  a  rock  that  is  made  up  of  a  basic  plagioclase  feld- 


'  Kept.  Bureau  of  Mines,  Toronto,  Ontario,  vol.  8,  pt.  2,  1899,  p.  210, 
Loc.  cit.,  p.  25. 


DTSTKIBUTTON    TN    FOREIGN    COUNTRIES.  158 

s}:)ar  and  green  hornblende,  and  has  been  called  anorthosite  by  Miller. 
It  is  more  basic  in  character  than  the  typical  varieties  of  this  rock 
that  have  been  described  from  other  parts  of  Canada.  The  width  of 
the  belt  of  rock  is  nearly  three-(iiiartei's  of  a  mile  and  the  cornndnm  is 
found  throughout  the  whole  distance.  Tt  occurs  in  crystals  of  an 
ahnost  uniform  light-gray  to  white  color  that  are  usually  about  half 
an  inch  in  diameter,  the  largest  ones  being  1|  inches  long. 

AUSTRALIA. 

In  the  central  part  of  Queensland "  there  is  an  area  of  about  50 
square  miles  where  sapphires  are  found  more  or  less  abnndantl}^  in 
the  old  gravel  and  alluvial  deposits.  This  was  known  as  the  Anakie 
sapphire  fields,  which  are  reached  by  the  Central  Railway,  their  sta- 
tion being  Anakie,  which  is  20  miles  from  Emerald  and  192  miles 
west  of  Rockhampton.  The  principal  gravel  deposits  are  along  the 
banks  of  the  Washpool,  Retreat,  Policeman,  Serpentine,  Tomahawk, 
nnd  Central  creeks.  Sapphires  have  rarely  been  found  in  the  streams 
themselves.  Very  few  blue  sapphires  are  found  in  these  deposits, 
and  the  prevailing  colors  are  various  shades  of  green  and  yellow,  the 
green  stones  being  similar  to  those  obtained  from  the  Missouri  Ri^Tr 
l)ars,  described  on  page  109.  Some  of  the  Queensland  stones  are  of 
bright  green  and  yellow  colors,  making  very  handsome  gems.  The 
sapphires  are  often  marked  with  hexagonal  outlines,  striations,  etched 
figures  similar  to  those  described  in  the  North  Carolina  rul)ies  and 
Montana  sapphires  on  pages  103  and  114. 

The  source  of  these  sapphires  is  very  probably  the  l)asaltic  dikes 
which  have  been  observed  cutting  the  granitic  rocks  and  in  which 
some  sapphires  have  l)een  found. 

INDIA. 

The  cornndnm  deposits  of  India  have  been  described  by  T.  H.  Hol- 
land.'^  He  gives  the  Pararapatti  area  in  the  Salem  district  of  the 
province  of  Upper  Burma  as  one  of  the  most  promising  for  the  min- 
ing of  cornndnm  for  abrasive  purposes.  He  describes  the  corundum 
as  occurring  in  a  matrix  of  deep  flesh-colored  feldspar  Avhich  is  in 
bands  or  lenticular  masses,  and  has  associated  with  it  often  a  consid- 
erable proportion  of  sillimanite,  rutile,  opaque  black  and  green  spinel, 
and  biotite.  These  masses,  where  they  have  been  actually  seen  in  the 
rock,  are  sometimes  as  much  as  15  feet  long  and  8  feet  in  diameter. 
The  feldspar  rock  is  composed  essentially  of  anorthite  and  horn- 
blende, and  in  parts  has  a  gneissoid  structure,  and  these  portions 


"  Dustan,  B.,  Sapphire  fields  of  Anakie  :   Special  Report,  Geol.  Survey  Queensland,  1902. 
''  (Jeology  of  India,   pt.   3,   Econ.   Geol.,   and   Rept.   Bureau   Mines,   vol.   8,   pt.   2,    1899, 
p.  230. 
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carry  the  corundum.  The  corundum  varies  from  a  deep  pur])lish 
brown  to  a  dark  greenish  gray,  and  is  in  irreguhir  nodules  Aarying 
from  a  quarter  of  an  inch  to  an  inch  in  diameter  and  in  elongated 
barrel-shaped  crystals  sometimes  an  inch  long. 

There  are  two  and  perhaps  more  of  these  corundum-bearing  bands 
that  are  parallel  to  each  other,  making  the  total  known  length  of 
corundum-bearing  rock  over  24  miles.  The  percentage  of  corundum 
in  the  rock  is  very  low,  experiments  that  have  been  made  on  samples 
taken  at  diiferent  points  on  the  band  shoAving  the  presence  of  only 
e>.5  per  cent. 

Most  of  the  outcrops  of  the  bands  of  corundum  rock  have  been 
found  in  connection  Avith  gneiss,  and  lie  in  lines  that  are  roughly  par- 
allel to  the  strike  of  the  gneiss.     Some  of  them  are,  hoAvever,  in  close  J 
proximity  to  a  nepheline-syenite.  J 

Specimens  of  corundum  sent  by  Dr.  T.  L.  Walker  from  a  district  | 
about  250  miles  north  of  Calcutta  and  labeled  "  Pipra,  South  ReAvah,  | 
India,"  are  apparently  similar  to  those  described  by  Holland.     The  f  , 
corundum  is  very  fine  grained  in  appearance  and  in  noduk^s  up  to  2  '^ 
or  more  inches  long  by  1  or  more  inches  broad,  Avith  a  pinkish  to  | 
purplish-broAvn  color.     These  nodules  are  partly  or  completely  sur-  i  j 
rounded  by  a  greenish  mica,  Avhose  folia  are  small  and  rather  brittle, 
and  Avhich  has  been  referred  by  Mallet «  to  the  euphyllite  variety.     In 
the  mica  there  are  small  rough  crystals  of  tourmaline.     Just  Avhat  the 
occurrence  of  this  corundum  is  I  do  not  knoAv,  but  from  the  general 
appearance  of  the  specimens  it  should  make  an  ore  from  Avhich  the 
corundum  could  be  readily  separated  and  a  A^ery  clean  by-product 
obtained.     If  the  corundum  in  the  rock  Avas  10  to  15  per  cent  of  the 
quantity  required  to  be  remoA^ed  in  mining,  this  should  make  a  A^ery 
important  and  profitable  corundum  deposit. 

In  other  specimens  labeled  ''  Salbanni,"  4  miles  east-southeast  of 
Barampur,  Manbhoorn  district,  India,  there  are  blue  crystals  of  corun- 
dum Avith  a  rough  hexagonal  prism  embedded  in  a  mass  of  inter-  j 
locking  bladed  crystals  of  cyanite. 

It  is  very  probable  that  nearly  all  of  the  corundum  deposits  that 
are  knoAvn  in  India  are  secondary  minerals  and  the  result  of  meta- 
morphism.  Professor  Judd,  in  his  j)aper  on  the  Rubies  of  Burma 
and  associated  minerals,''  says  that  all  the  corundum-bearing  rocks  in 
the  districts  of  southern  Asia  appear  to  be  gneisses  Avhich  sometimes 
pass  into  schists  and  frequently  contain  masses  of  limestone  and 
dolomite. 

«  Mineral   India,  1887,  p.  180.  and  Dana's  Mineralogy,  (Jth  ed.,  1892,  p.  024, 
» Trans.  Royal  Soc,  London,  1896,  p.  191. 
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BURMA,   SIAM,   AND   CEYLON. 

The  finest  sapphires  that  are  known  are  foiuid  in  Burma,  Siam, 
.111(1  Ceylon,  and  have  the  rich,  deep-blue  color  for  which  the  oriental 
stone  is  noted.  Sai)phires  of  a  rich,  velvety  blue,  and  some  very  good 
-tones  of  a  lighter  color,  have  been  obtained  from  Simla  Pass,  in  the 
1 1  imalaya  Mountains. 

In  Cejdon,  many,  varieties  of  corundum  gems  are  found  in  the 
•travels  of  the  streams  and  rivers  of  the  Balangoda,  Rakwana,  and 
Ratnapura  districts;  but  thus  far  none  of  the  corundum  gems  have 
been  found  in  place,  and  nothing  definite  is  known  as  to  their  origin. 
Sapphires  are  much  more  common  than  the  rubies.  The  stone  for 
which  the  island  is  especially  noted  and  which  in  some  respects  is 
peculiar  to  Ceylon  is  the  star  sapphire,  or  asteria.  This  stone,  when 
cut  en  cabachon,  exhibits  a  six-rayed  star  and  in  some  instances  a 
twelve-rayed  star." 

TURKEY. 

The  Turkish  emery  is  obtained  from  the  province  or  vilayet  of 
Aidin,  in  Asia  Minor,  Avhich  embraces  nearly  the  entire  basins  of  the 
rivers  Sarabat  and  Mender.  Smyrna  is  the  principal  town  of  the 
province,  and  is  the  center  of  trade  for  all  the  surrounding  district 
and  islands.  The  deposits  that  are  now  being  worked  are  on  the 
Gumush  Dagh  Mountain  and  on  the  slopes  of  Ak  Sivri,^  which  is  a 
mountain  about  125  miles  to  the  south.  The  former  of  these  deposits 
is  about  12  miles  east  of  the  ruins  of  Ephesus,  and  just  north  of  the 
river  Mender;  the  latter  is  in  what  J.  Lawrence  Smith  ^  describes  as 
the  Kulah  district,  and  it  is  much  more  inaccessible  than  the  former. 
Emery  has  also  been  found  in  small  quantities  near  Adula,  a  town 
about  12  or  15  miles  east  of  Kulah,  and  also  at  Manser,  about  24  miles 
north,  and  at  AUahinan-Bourgs,  about  20  miles  south  of  Smyrna. 

The  occurrence  of  the  emery  at  all  these  localities  is  very  similar,  it 
being  embedded  in  a  bluish,  coarse-grained  to  compact  marble  or  lime- 
stone, resting  upon  mica-slates,  schists,  and  gneisses.  It  always 
occurs  in  the  limestone  or  marble;  not  even  a  trace  has  as  yet  been 
found  in  the  other  rocks.  It  does  not  occur  in  a  well-defined  vein,  but 
in  pockets,  scattered  irregularly  through  the  rock,  that  are  sometimes 
200  feet  in  length  and  J^OO  feet  in  width.  The  walls  of  these  pockets 
are  very  irregular,  as  the  limestone  intrudes  upon  them  and  then 
recedes  very  suddenly. 

«  Ceylon  at  St.  Louis,  1904,  p.  151. 

"Trans.  Am.  Inst.  Min.  Eng.,  vol.  28,  1898,  p.  20G. 

'•Am.  Jour.  Sci.,  2d  ser.,  vol.  10,  1850,  p.  357. 
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These  emeries  Aary  considerably  in  appearance.  The  Giunnsh 
Dagh  is  usually  in  fine  grains  and  of  a  dark-blue  to  purplish  color, 
and  is  similar  to  some  varieties  of  magnetite.  The  interior  of  the 
masses  of  this  emery  are  usually  free  from  micaceous  inclusions  that 
are  common  to  many  emeries.  The  Kulah  emery  is  coarser  grained 
and  much  darker  in  color  than  the  Gumush  Dagh,  and  on  its  external 
surface  it  resembles  sometimes  the  mineral  chromite. 

GRECIAN    ARCHIPELAGO. 

In  a  number  of  the  islands  of  this  archipelago  emery  has  been 
found  in  considerable  quantity.  The  most  important  of  these  local- 
ities is  the  island  of  Naxos,  where  the  emery  is  found  in  large  blocks 
more  or  less  mixed  with  the  red  soil  and  also  embedded  in  white  marble. 
The  deposits  are  located  principally  on  the  north  and  east  sides  of  the 
island,  the  best  ore  being  obtained  from  Vothrie,  which  is  9  miles  from 
the  coast.  Another  one  of  the  better  deposits  on  this  island  is  at 
Apperonthos,  which  is  7  miles  from  the  coast.  In  the  southern  part 
of  the  island  the  emery  is  found  near  Yasso.  It  occurs  in  such 
abundance  on  the  island,  in  loose  bowlders  and  in  the  soil,  that  there 
has  been  little  need  to  mine  it  in  the  hard  rock. 

On  the  island  of  Nicaria,  emery  has  been  found  in  quality  equal  to 
that  from  Naxos,  but  the  (luaiitity  is  not  so  great.  A  little  was  also 
found  on  the  island  of  Samos.  In  all  these  islands  the  emery  occurs 
in  a  limestone. 

The  Naxos  emery  is  dark  gray  in  color,  with  a  mottled  surface,  and 
has  small  particles  of  a  micaceous  mineral  disseminated  through  it. 
It  often  contains  bluish  particles  of  corundum  that  are  readily  recog- 
nized. Emery  from  the  island  of  Nicaria  sometimes  presents  a 
schistose  or  laminated  structure,  some  of  the  specimens  at  times 
resembling  certain  gneisses.  Its  color  is  dark  blue,  and  it  is  some- 
times mottled  like  the  Naxos  emery.  A  compact  variety  is  also  found 
at  this  locality.  There  is  in  the  schistose  variety  a  considerable 
amount  of  micaceous  mineral,  Avhich  is  readily  observed.  The  emei'v 
from  the  island  of  Samos  is  of  uniformly  dark-blue  color  and  is 
found  in  both  coarse-grained  and  fine-grained  varieties. 

The  mining  of  the  emery  is  of  the  simplest  character.  Because  of 
the  great  abundance  of  the  ore  that  Avas  found  eml)edded  in  the  soil 
and  as  loose  bowlders  it  Avas  many  years  before  it  Avas  necessary  to  do 
much  exploration  of  the  rocks  themselves.  Blocks  of  ore,  Avhen  not 
too  large,  are  transported  in  their  natural  condition  to  the  coast,  but 
frequently  they  haA^e  to  be  broken,  and  Avhen  too  large  for  this  to  be 
done  Avith  hammers  they  are  heated  for  several  hours,  and  then,  on 
(tooling,  they  usually  yield  to  the  bloAvs  of  the  hammer.  Another 
method  of  breaking  these  large  blocks  is  after  heating  to  cool  them 
suddenly  Avith  water. 


DISTRIBUTION    IN    FOREIGN    COUNTRIES.  157 

The  shipping  point  of  the  emery  from  all  these  localities  is  Smyrna, 
and,  as  it  is  nsually  taken  as  ballast,  the  cost  of  transportation  is  very 
low.  Thus  the  actual  cost  of  the  emery  laid  down  on  the  docks  in  a 
foreign  port  is  about  1  cent  per  pound.  This  is  one  reason  why  there 
is  such  close  competition  between  this  emery  and  that  of  the  United 
States. 

OTHER    LOCALITIES. 

Corundum  has  been  found  sparingly  at  many  other  localities,  but 
thus  far  it  has  not  been  found  in  quantity  sufficient  to  make  the  occur- 
rences of  economic  importance  as  a  source  of  abrasive  material. 

The  occurrence  of  sapphire  corundum  in  Burma,  Ceylon,  and  Siam 
has  been  mentioned  on  pages  98  and  155. 

McMahon  '^  has  described  sapphires  from  the  Himalayas  which 
were  found  in  the  southeast  portion  of  the  territories  of  the  Maharaja 
of  Kashmis,  called  Padar,  on  the  borders  of  Zanskas.  The  corundum 
of  blue  and  white  colors  occurs  in  a  vein  in  crystalline  rocks. 

Lacroix,  in  a  paper  ^  on  the  metamorphic  and  eruptive  rocks  of 
Ariege,  France,  mentions  the  occurrence  of  corundum  in  the  marbles 
of  Mercus  and  jlrignac.  In  a  second  paper  ^'  on  acid  inclusions  in  the 
volcanic  rocks  of  the  Auvergne,  France,  corundum  is  said  to  occur 
frequently  in  the  granites  and  gneisses  of  this  section.  He  has  also 
described  the  occurrence  of  this  mineral  in  the  basalts,  trachytes,  and 
andesites  in  Haute-Loire,  France.^ 

Salomon^  has  described  the  occurrence  of  corundum  in  phyllites. 
epidote-amphibolites,  and  mica-schists  at  Mount  Aviolo,  in  the 
southern  Alps.     It  occurs  but  sparingly  in  these  rocks. 

Heddle  f  has  noted  the  occurrence  of  sapphire  at  Clashnaree  Hill, 
in  Clova,  Aberdeenshire,  Scotland.  The  mineral  occurs  sparingly 
with  red  andalusite  in  veins  in  a  schistose  rock. 

Dana^  mentions  the  occurrence  of  corundum  near  Canton,  China; 
in  Bohemia,  near  Petschau ;  at  St.  Gotthard,  in  dolomite ;  near  Mozzo, 
in  Piedmont,  in  white  compact  feldspar;  and  at  Mudgee,  New 
South  Wales. 

In  the  dune  sands  on  the  west  coast  of  Holland,  at  Scheveningen, 
near  The  Hague,  corundum  has  been  found  by  Retgers ''  to  be  one  of 
its  constituents. 


«  Mineral.  Mag.,  vol.  7,  1886-87,  p.  12. 

''Bull.  Serv.  Carte  geol.  France,  No.  11,  vol.  2;  and  Am.  Naturalist,  Feb.,  1891,  pp. 
138-139. 

'^  Loc.  cit. 

''Bull.  Soc.  mineral.,  vol.  13,  1890,  pp.   100-106. 

"Jour.  Deutsch.  geol.  Gesell.,  vol.  42,  1890,  p.  450;  and  Am.  Naturalist,  1891,  pp.  571, 
572. 

r  Mineral.  Mag.,  vol.  9,  1890-91,  p.  389. 

»  Mineralogy,  6th  ed.,  1892,  p.  212. 

^  Recueil  trav.  chim.  Pays-Bas,  vol.  11,  1892,  p.  169  ;  and  Am.  Naturalist,  1893,  p.  382. 
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Zirkel "  mentions  the  occurrence  of  cornndnni  as  an  accessory  min- 
eral in  the  amphibolites  of  northwestern  Austrian  Silesia ;  in  the 
chlorite-schist  of  Nizhne-Issetsk,  in  the  Urals;  as  a  contact  product 
of  the  diorites  of  Klausen,  in  Tyrol;  in  the  andesite  and  tonalite  of 
the  Eifel;  in  a  contact  product  of  quartz-mica-diorite  on  quartz- 
2:)hyllite  in  Val  Moja,  and  similarly  in  the  kersantite  of  Michaelstein, 
Harz ;  also  in  the  graphite  of  Miihldorf ,  near  Spitz,  in  lower  Austria. 

In  describing'  the  geology  of  the  district  around  Pretoria,  South 
Africa,  Molengraaf  ^  states  that  the  oldest  rocks  of  the  region  are 
granites  and  crystalline  schists.  Above  these  are  another  series  of 
schist  formations,  comprising  quartzites,  clay  slates,  corundum 
schists,  porphyroids,  and  chiastolite-schists  that  are  cut  by  diabase 
dikes.  He  states  that  the  corundum  i)orphyroid  resembles  a  feldspar 
porphyry,  and  that  the  corundum  occurs  in  large  individuals  in  a 
groundmass  of  (piartz  and  chlorite.  From  the  description  given, 
there  is  a  possibility  that  there  is  corundum  in  quantity  in  this 
district. 

Pirsson  ^*  mentions  the  occurrence  of  corundum  in  small  blue  sap- 
phires in  the  fresh  basalt  of  Unkel  on  the  Rhine  and  Steinheim,  near 
Frankfort  on  the  Main. 

Morozewicz  ^^  has  described  the  occurrences  of  corundum  in  Russia, 
the  chief  of  Avliich  is  in  a  rock  composed  essentially  of  anorthite  and: 
corundum,  together  Avith  spinel  and  biotite.  He  claims  that  this  is  at 
new^  type  of  alumino-silicate  rock  and  calls  it  "  kyschtymite."  Otherr 
rocks  in  the  Urals  that  contain  corundum  are  made  up  almost  exclu- 
sively of  this  mineral  and  orthoclase ;  some  of  these  are  coarse  grained, 
while  others  are  fine.  The  coarse  ones  have  been  called  corundum- 
pegmatite  and  the  finer  ones  corundum-syenite.  These  rocks  occur 
as  dikes  cutting  through  gneiss.  It  may  be  that  when  these  corun- 
dum-bearing rocks  of  the  Urals  have  been  more  specially  examined 
as  to  their  economic  value  they  will  be  found  to  contain  enough 
corundum  to  make  them  of  importance  as  an  ore  of  this  mineral. 

In  many  parts  of  the  western  Yunnan  district,  China,  as  in  the 
prefecture  of  Shunning  Fu,  sapphire,  ruby,  and  emerald  corundum, 
are  said  to  occur.' 

"  Lehrbuch  der  Petrogi-aphie,  Leipsic,  1803,  p.  461. 

"  Neues  Jahrbuch  fiii-  Mineral.,  vol,  9,  1894-95,  pp.  174-291  ;  and  Am.  Naturalist,  1895, 
p.  470. 

*■  Am.  Jour.  Sci.,  4th  ser.,  vol.  4,  1897,  p.  422. 

"  Tschermaks  mineral,  und  pet.  Mittbeil.,  vol.  18,  pt.  1  ;  and  Kept.  Bureau  of  Mines, 
Toronto,  vol.  8,  pt.  2.  1899,  p.  285. 

^  U.  S.  Cons.  Repts.,  Jan.  1900,  vol.  72,  No.  282,  p.  95  ;  reprinted  from  Mesny's  Chinese' 
Miscellany,  published  at  Shanghai,  China. 
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TECHNO JA)C4^     OF    (  ORUNDU3I. 

METHODS   OF   MINING. 

In  considering  tlio  methods  used  in  nnnini>-  cornnduni  it  must  bv» 
borne  in  mind  that  up  to  the  past  few  years  this  mineral  had  only 
been  obtained  in  (]uantity  where  it  Avas  associated  with  pcMidotite 
rocks.  These  rocks,  as  will  be  shown  later,  present  certain  difficulties 
which,  if  not  overcome,  will  cause  consideral)le  delay  and  danger  in 
mining.  AVliere  the  corundum  occurs  in  amphibolite,  as  at  Chester, 
Mass.,  these  difficulties  are  not  so  evident,  and  the  mining  operations 
can  l)e  carried  on  as  in  any  metal  mining.  If  the  corundum  occurs 
in  gneiss,  (piai'tz-schist,  or  syenite,  the  ore  can  often  be  advanta- 
geously mined  by  means  of  open  cuts,  as  at  the  Craig  mine,  Ontario, 
Canada.  If  the  corundum-bearing  portion  of  the  rock  is  narrow  it 
will  be  found  more  economical  to  mine  by  shafts,  drifts,  and  crosscuts, 
as  at  the  Montana  deposits.  As  these  latter  occurrences  of  corundum 
offer  no  serious  problems  in  mining,  no  description  is  given  of  their 
mining  operations.  As,  however,  corundum  in  peridotite  does  pre- 
sent certain  difficulties  to  the  miner  these  are  treated  briefly. 

Nearly  all  of  the  peridotite  formations  in  Avhicli  the  corundum 
deposits  occur  are  bold  outcrops  on  mountain  sides  and  hilltops,  hav- 
ing almost  perfect  natural  drainage.  At  all  the  localities  Avhere  there 
has  been  no  mining  the  little  prospecting  has  been  usually  by  means 
of  open  cuts  supplemented  by  tunnels.  While  at  first  mining  by 
means  of  cuts  may  seem  to  be  the  most  advantageous,  it  is  soon  found 
to  be  expensive.  These  cuts,  or  any  other  openings  made  over  the 
surface  of  the  peridotite,  offer  a  much  greater  opportunity  for  surface 
w^ater  and  frost  to  penetrate  the  mass  of  the  rock  formation.  These 
rocks  are  more  or  less  seamed  or  cracked,  usually  to  the  depth  that 
alteration  can  extend,  and  thus  they  offer  opportunities  for  the  infil- 
tration of  water.  As  most  of  the  alteration  products  of  this  perido- 
tite formation  are  slippery,  hydrous  magnesium  minerals,  such  as 
serpentine  and  talc,  and  as  these  are  developed  in  the  seams  and  cracks 
of  the  peridotite,  anything  that  is  done  to  disturb  them  will  make 
them  very  liable  to  slip.  At  the  Corundum  Hill  mine  there  are  large 
masses  of  peridotite  that  have  become  loosened  and  have  gradually 
slipped  down  and  closed  up  some  of  the  tunnels,  and  there  is  constant 
danger  that  fragments  of  the  rock  will  fall  into  the  cuts  and  some  of 
the  tunnels.  At  the  Laurel  Creek  mine  a  mass  of  peridotite  with  soil, 
etc.,  nearly  a  200-foot  cube,  has  become  loosened  and  slipped  down- 
ward, effectually  closing  up  the  tunnel  and  shaft  of  the  Big  vein. 

In  mining  corundum  associated  with  peridotite  rocks  it  is  therefore 
advisable  not  to  break  the  surface  of  the  formation  any  more  than  is 
absolutely  necessary  ai_d  to  do  no  work  at  all  along  the  contact  by 
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means  of  open  cuts,  but  to  confine  the  mining  to  a  system  of  tunnels 
and  shafts.  This  method  of  mining  will  be  found  the  cheapest  in  the 
end.  Moreover,  all  the  tunnels  and  shafts  should  be  well  timbered 
and  the  mine  kept  as  thoroughly  drained  as  possible. 

A  large  amount  of  the  material  that  must  be  handled  is  easily 
worked  with  pick  and  shovel,  as  it  consists  of  the  crystals  and  frag- 
ments of  corundum  in  the  zone  of  chlorite  and  vermiculite.  In  those 
veins  in  which  the  corundum  is  associated  with  feldspar,  as  at  Laurel 
Creek  and  Buck  Creek,  and  those  in  which  there  is  considerable 
amphibole  or  enstatite,  as  at  Corundum  Hill,  blasting  is  necessary. 

If  the  mill  is  located  some  distance  from  the  mine  and  if  a  line  of 
sluice  boxes  can  be  built  between  the  two,  the  more  or  less  finely 
divided  ore  may  be  carried  to  the  mill  by  means  of  these  boxes.  In 
this  way  the  ore  is  partly  cleaned  by  the  time  it  reaches  the  mill. 
This  is  the  method  employed  at  the  Corundum  Hill  mine. 

All  of  the  gem  corundum  is  mined  by  hydraulic  methods  similar 
to  those  used  in  sluicing  placer  gold,  with  the  exception  that  the  con- 
centrates containing  the  sapphires  are  removed  from  the  sluice  boxes 
and  further  concentrated  in  a  circular  sieve  either  held  in  the  hand  or 
mounted;  and  bv  Sfivino-  this  sieve  a  certain  circular  motion  the 
grains  and  crystals  of  corundum  are  collected  in  the  center  and  at  the 
bottom  of  the  sieve.  In  accomplishing  this  separation  it  is  neces- 
sary to  screen  the  grains  of  the  concentrates  to  nearly  the  same  size 
before  using  the  sieve.  From  the  nearly  pure  sapphire  concentrates 
the  good  stones  are  picked  out  by  hand. 

METHODS  OF  CLEANING. 

The  difi'erence  between  the  commercial  product  and  the  ore  as  it 
comes  from  the  mine  is  that  the  latter  has  been  freed  as  far  as  pos- 
sible of  all  impurities,  so  that  the  resulting  product  is  or  should  be 
nearly  pure  corundum  or  emery. 

Formerly  there  was  but  one  method  in  use  for  cleaning  corundum 
or  emery  ore,  principally  because  the  ore  to  be  cleaned  occurred  either 
in  peridotites  or  .amj^hibolites ;  but  now  there  are  many  differences 
to  be  noted  in  the  various  mills  erected  for  the  cleaning  of  corundum. 
This  is  due  to  the  connnercial  sources  of  corundum  being  in  syenites, 
etc.,  as  well  as  in  peridotites.  It  may  be  of  interest  to  give  a  short 
description  of  the  old  method  of  treating  the  corundum  ores,  and  of 
one  which,  with  a  fcAv  modifications,  is  applicable  to  corundum 
obtained  from  syenites. 

The  ore  is  crushed  and  sieved,  and  all  that  will  not  pass  through  a 
No.  12  screen  is  recrushed  and  passed  between  rollers  until  it  is 
reduced  to  the  desired  .size.  Most  of  the  impurities  are  then  easily 
removed  by  conveying  the  crushed  ore  into  boxes  through  which  runs 
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a  stream  of  water,  so  regulated  that  the  corundum  readily  settles  to 
the  bottom  of  the  trough  and  the  lighter  minerals  are  carried  off. 
This  washing  process  Avill  remove  only  the  impurities  that  are  entirely 
separated  from  the  particles  of  corundum,  but  there  are  usually  some 
inq^urities  attached  to  the  particles  or  grains  that  have  to  be  removed 
by  another  process.  The  product  is  therefore  passed  through  a 
machine  known  as  the  screw  or  scouring  machine,  in  which  there  is  a 
coarse  worm  similar  to  the  screw  conveyer.  This  grinds  out  almost 
all  of  the  impurities,  and  these  are  separated  by  again  subjecting  them 
to  the  washing  process.  The  final  impurities*  are  separated  from  the 
])articles  of  corundum  by  means  of  a  machine  called  the  "  muller  "  or 
''  chaser."  (See  PI.  XVIII,  B.)  The  principle  of  this  is  to  cause 
each  grain  of  corundum  to  rub  against  another  and  thus  wear  away 
the  adhering  foreign  substances.  The  machine  consists  of  a  shallow 
tub,  in  which  are  two  heavy  wooden  rollers  which  move  around  its, 
circumference.  The  freshly  ground  corundum  on  being  thrown  into 
these  tubs  is  kept  constantly  stirred  up  by  men  with  hoes  or  by  plow- 
shaped  iron  blades  in  front  of  the  w^ooden  rollers,  and  is  then  pressed 
dow^n  by  the  rollers  being  passed  over  it.  In  this  way  the  scouring 
motion  is  kept  up  between  the  grains.  The  impurities  are  thus  gradu- 
ally worn  away  and  are  carried  off  by  a  stream  of  water  that  flows 
continually  through  the  tub.  It  usually  requires  from  four  to  eight 
hours,  according  to  the  nature  of  the  impurities  that  are  attached  to 
the  corundum  grains,  to  obtain  a  clean  product. 

There  are  two  methods  of  drying  this  product,  after  it  has  been 
removed  from  the  mullers  and  allowed  to  lie  over  night  on  inclined 
floors.  By  one  method  this  product  is  conveyed  by  elevator  belts  to 
the  second  floor  of  the  mill  and  dropped  vertically  for  a  distance  of 
20  to  30  feet  down  the  stack  of  a  furnace.  At  the  bottom  it  strikes  an 
inclined  surface  that  is  just  above  the  flames  of  the  furnace  and  slides 
dow^n  this  surface  into  an  iron  box.  By  the  other  method  the  wet 
product  is  thrown  in  at  the  upper  end  of  an  iron  cylinder,  open  at 
both  ends,  wdiich  revolves  about  a  coil  of  steam  pipes.  One  end  of 
the  cylinder  is  lower  than  the  other,  and  the  wet  mass  is  alternately 
carried  up  by  the  revolving  cylinder  and  dropped  on  the  hot  coil  of 
pipes,  and  thus  gradually  w^orked  toward  the  lower  end,  where  it  is 
caught  in  a  hopper  and  conveyed  by  elevator  belts  to  the  sizing  room. 
Here  it  is  automatically  screened  to  the  various  sizes. 

In  PL  XVIII,  A  and  i?,  are  views  of  the  exterior  and  the  interior 
of  the  corundum  mill  at  Cullasagee.  In  the  foreground  of  B  are 
the  boxes  in  w^hich  the  ore  is  first  washed,  and  just  beyond  these  are 
the  mullers. 

Only  within  the  last  few  years  has  any  attempt  been  made  to 
improve    the    methods    of    concentrating    and    cleaning    corundum. 
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There  are  now  a  niunber  of  companies  that  have  installed  complete 
concentrating  mills,  similar  to  those  used  in  concentrating  gold  ores, 
but  modified  to  suit  corundum  ore.  While  all  are  using  jigs  for  the 
coarser  sizes  of  the  crushed  ore,  some  are  using  Frue  vanners  and 
others  Bartlett  or  Wilfley  tables  for  the  finer  sizes.  This  method 
Avorks  very  satisfactorily  for  concentrating  the  corundum,  and  if 
during  the  crushing  and  rolling  of  the  ore  the  corundum  is  largely 
separated  from  the  associated  minerals  a  nearly  cleaned  product  is 
obtained.  Methods  of  separation  similar- to  that  last  mentioned  are 
being  employed  by  the  Canada  Corundum  Company  on  the  ores 
from  the  Craig  mine  and  by  the  Montana  Corundum  Company  on 
the  Gallatin  Count}^  ores.  Where,  however,  there  are  foreign  min- 
erals, especially  mica,  attached  to  the  particles  of  corundum,  it  is 
necessary  to  adopt  some  process  similar  to  that  performed  by  the 
mullers  in  order  to  eliminate  the  foreign  minerals. 

Many  other  minerals  that  will  be  likely  to  remain  with  the  corun- 
dum in  the  concentrates — as  garnet,  pyrite,  etc. — can  undoubtedly  be 
separated  by  means  of  the  Wetherill  magnetic  concentrator.  Unless 
these  minerals  are  unattached  to  the  particles  of  corundum  there  will 
be  a  considerable  loss  of  corundum  by  this  method  of  separation. 

USES   OF   CORUNDUM. 
WATCH    JEWELS. 

Corundum  is  used  for  two  general  purposes,  as  gems  and  as  an 
abrasive. 

The  varieties  of  corundum  that  are  of  value  as  gems  haA^e  been 
described  on  page  22,  and  the  many  uses  that  are  made  of  the  cut 
stones  in  the  jewelry  trade  are  too  Avell  knoAvn  to  need  more  than  a 
passing  notice  here.  One  use  of  the  gem  corundum  that  is  perhaps 
worthy  of  notice  is  in  supplying  jeAvels  for  Avatches. 

In  a  recent  report  by  Mr.  George  F.  Kunz,"  it  is  stated  that  there 
are  from  10,000,000  to  20,000,000  Avatch  jewels  sold  annually.  For 
this  purpose  corundum  gems  of  all  colors  are  used.  Some  of  these 
are  sapphires  and  rubies  Avhich  are  fine  enough  in  quality  to  make 
gems,  but  of  Avhich  only  minute  pieces  are  used.  There  are  also  used 
those  corundum  gems  which  are  of  such  color  as  to  have  little  or  no 
value  as  jeAvels,  such  as  A^'ery  pale  sapphires  and  the  pink,  greenish, 
and  yelloAv  corundums. 

Many  of  the  sapphires  from  Yogo  Gulch,  Fergus  County,  Mont., 
and  the  many  colored  corundum  crystals  from  Granite  County,  Mont., 
which  haA^e  but  little  value  for  cutting  into  jewels,  are  used  for  this 


"Mineral  Resources  U.  S.  for  1903,  U,  S.  Geol.  Survey,  1904,  p.  974. 


USES.  1C>3 

|)iirpose.  The  prices  reported  as  havin<>'  been  received  for  these 
American  gems  are  from  $1  to  $5  ])er  ounce,  and  they  re})resent  at 
Hie  2^1'e^^^nt  time  an  important  factor  in  sapphire  mining  in  the 
United  States.  In  regard  to  the  utilization  of  these  stones,  Mr. 
Kunz  says : 

In  Switzerland  most  of  the  jewels  are  cut  and  sold  in  boxes  of  from  500  to 
1,000  per  box.  Each  stone  has  been  given  a  rounded  form  and  is  pierced  in  the 
(enter,  the  drill  hole  being  smaller  by  a  minute  quantity  than  the  diameter  of 
the  axle  which  it  is  to  hold.  The  bed  of  the  stone  in  the  watch  is  a  small  cylin- 
der, apparently  of  brass,  but  in  reality  consisting  of  a  soft-gold  alloy.  Before 
tlie  stone  is  handed  to  the  watchmaker  it  is  put  in  a  lathe,  and  by  means  of  a 
liny  steel  drill,  covered  with  oil  and  diamond  dust,  the  central  opening  is  en- 
larged sufficiently  to  enable  the  steel  axle  or  pin  for  which  it  is  intended  to  fit 
into  it  accurately.  The  watchmaker  first  fixes  the  cylinder  in  the  lathe,  then 
])i('ks  up  the  stone  with  the  moistened  finger  and  inserts  it  in  the  cylinder 
while  the  latter  is  turning  with  the  axis  of  the  lathe.  With  a  pointed  tool  the' 
workman  next  presses  against  the  edge  of  the  revolving  cylinder  and  thus 
forces  the  soft  metal  to  cover  and  protect  the  sapphire  or  ruby  to  such  an  ex- 
tent that  it  appears  as  if  embedded  in  a  metallic  cushion.  Next  a  drill  is 
inserted  in  the  metallic  coat  of  the  cylinder  from  the  opposite  side  of  the  lathe, 
and  a  hole  is  drilled  in  this  coat  exactly  of  the  same  size  as  the  hole  in  the 
stone  itself.  A  great  variety  of  forms  have  been  made  recently,  not  only  for 
watches  but  for  electric  and  other  meters.  The  latter,  as  compared  with 
watches,  require  a  greater  and  more  enduring  life  in  the  jewels,  which,  owing 
to  the  microscopic  inclusions,  either  of  softer  minerals  or  of  fluid  cavities,  is 
often  shortened  materially.  Sapphires,  rubies,  and  even  diamonds  are  used 
with  wonderful  ingenuity,  and  with  the  increasing  demand  for  hard  bearings 
in  the  endless  variety  of  electrical  devices,  in  which  the  moving  points  revolve 
rapidly,  there  is  much  to  be  looked  for  in  the  way  of  new  devices,  and  a  greatly 
increased  demand  for  jeweled  bearings  is  probable. 

CORUNDUM    WHEELS. 

Although  an  examination  of  a  corundum  property  may  show  the 
existence  of  considerable  quantity  of  the  mineral,  no  mining  should 
be  imdertaken  until  satisfactory  tests  have  been  made  upon  the 
corundum  to  prove  that  it  has  those  properties  that  will  make  it  of 
value  as  an  abrasive. 

The  value  of  a  corundum  deposit  as  an  ore  for  abrasive  purposes 
depends  upon  that  property  of  the  mineral  which  enables  it  to  retain 
a  sharp  edge,  known  as  a  cutting  edge,  when  it  is  crushed  to  grains. 
All  corundums  do  not  have  this  property,  and  many  that  exhibit  it 
in  the  first  stage  of  the  crushing  do  not  show  it  in  the  finer  fragments 
and  grains.  This  is  more  apparent  when  the  corundum  has  been 
made  into  a  wheel,  for  when  first  used  the  wheel  may  do  good  work, 
especially  if  it  is  a  coarse-grained  wheel,  but  as  it  wears  away  the 
grains  of  corundum  become  roinided  instead  of  breaking  to  a  cutting- 
edge.     In  estimating  the  vahie  of  a  corundum  deposit  it  is  therefore 
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very  essential  to  determine  the  abrasive  qualities  of  the  corundum. 
Neither  a  chemical  analysis  nor  a  superficial  examination  of  a  corun- 
dum ore  Avill  determine  its  cutting  qualities,  and  this  can  be  obtained 
only  by  making  the  corundum  into  a  wheel  and  testing  it. 

In  estimating  the  value  of  an  ore  it  is  also  necessary  to  determine 
to  what  degree  of  purity  it  can  be  cleaned  or  what  percentage  of  the 
commercial  product  will  be  corundum,  and  also  what  will  be  tlie 
nature  of  the  foreign  minerals.  A  foreign  mineral  will  always  be 
softer  than  the  corundum  and  will  to  a  certain  extent  reduce  its 
abrasive  power.  Beyond  this  the  presence  of  a  small  amount  of 
foreign  mineral  does  not  materially  affect  the  value  of  the  corundum 
for  making  a  cement  or  chemical  wheel,  but  is  often  the  reason  for 
discarding  it  in  manufacturing  a  vitrified  wheel  on  account  of  the 
low  fusibility  of  the  foreign  substance.  Garnet  is  perhaps  the  most 
objectionable  mineral  in  a  corundum  ore,  it  being  very  difficult  to 
separate  it  fi'om  the  corundum,  because  the  specific  gravity  of  the 
two  is  nearly  the  same.  Corundum  containing  even  a  little  of  the 
garnet  can  not  be  used  in  the  manufacture  of  the  vitrified  wheel. 

Both  corundum  and  emery  are  used  in  the  manufacture  of  abrasive 
materials,  and  these  are  on  the  market  in  three  forms,  as  wheels  and 
blocks  of  various  shapes  and  sizes,  as  emery  paper,  and  as  grains  or 
powder.  The  last  two  need  no  further  explanation,  but  a  description 
of  the  first  is  of  importance. 

The  shapes  of  the  corundum  and  emery  wheels  and  bricks  or  stones 
are  extremely  varied,  being  adapted  to  all  kinds  of  grinding.  The 
principle  of  these  wheels  is  the  same  at  that  of  the  rotary  files;  and 
as  the  points  of  a  file  become  dull  from  using,  so  also  do  the  grains  or 
points  of  the  emery  and  corundum  in  the  wheel.  In  making  a  wheel 
it  is  necessary,  therefore,  to  make  it  of  such  a  temper  or  grade  that 
when  the  grains  become  dull  or  rounded  they  will  fall  away  or  will 
be  readily  removed  by  a  truing  tool,  and  fresh,  sharp  grains  will  be 
exposed.  The  grade  of  a  wheel  depends  upon  the  character  of  the 
work  for  which  it  is  to  be  used,  and  the  bonding  material  should  be 
such  that  it  will  wear  away  a  little  faster  than  the  corundum  or 
emery,  and  thus  always  leave  the  sharp  edges  ready  for  cutting.  The 
greatest  economy  is  effected  when  the  bond  does  not  wear  aAvay  until  i 
the  grains  of  emery  or  corundum  have  become  rounded  or  dulled, . 
thus  permitting  the  wheel  to  do  its  greatest  amount  of  work. 

Before  leaving  the  factory  all  wheels  should  be  thoroughly  tested  to  > 
a  higher  strain  than  that  to  which  they  are  to  be  subjected  in  actual 
use;   as  the  wheels  have  to  be  run  at  a  very  high  velocity  in  order  to 
secure  the  greatest   efficiency,   there   is   at  times  but   little   reserve 
strength,  and  a  sudden  blow  will  often  cause  them  to  fly  to  pieces. 

To  give  an  idea  of  the  number  of  different  wheels  that  the  larger 
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(  nier3^-wheei  companies  are  prej^ared  to  make,  I  ran  not  do  better 
than  to  mention  AA'hat  I  saw  and  what  was  tohl  me  at  the  works  of  the 
Xorton  Emer}^  AVlieel  Company,  at  A^^orcester,  Mass.  The  wheels  are 
manufactured  for  the  special  work  for  which  they  are  intended,  and 
N'ary  in  shape,  in  bond,  and  in  grain  of  corundum.  The  sizes  of 
corundum  that  are  used  are  Nos.  12,  14,  1(),  20,  24,  80,  80,  40,  50,  54, 
CO,  70,  80,  90,  100,  120,  150,  160,  180,  200,  and  G  grades  of  flour  corim- 
dum.  The  bond  has  26  degrees  of  hardness,  represented  by  the  letters 
of  the  alphabet,  although  a  bond  is  seldom  used  softer  than  E  or 
harder  than  M.  There  are  408  different  sizes  of  circular  wheels, 
so  that  the  diiferent  grades  of  wheels  possible  are  almost  unlimited. 
(See  figs.  25  and  26.) 


Fig.  25. — Emery  and  corundum  wheels  and  stones  adapted  for  all  kinds  of  abrasive  work. 


There  are  three  types  of  wheels  known  to  the  trade — vitrified, 
chemical,  and  cement — the  names  being  derived  from  the  process  by 
which  they  are  manufactured.  In  the  manufacture  of  all,  the  corun- 
dum or  emery  used  is  in  grains  of  uniform  size,  but  varies  with  the 
grade  of  wheel  that  is  to  be  made.  The  vitrified  wheel  is  the  most 
important  and  most  generally  used,  although  for  some  work  one  of  the 
others  is  preferable,  and  for  very  large  wheels  the  chemical  is  espe- 
cially adapted. 


VITRIFIED    WHEEL. 


In  the  manufacture  of  this  wheel  more  care  is  necessary  in  the 
selection  of  the  corundum,  for  in  the  vitrification  of  the  bond  foreign 
minerals  containing  water  are  very  likely  to  cause  the  wheel  to  burst. 
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The  corundum  grains  are  mixed  thoroughly  in  a  paste  of  prepared 
chiy  and  other  binding  materials,  which  is  then  poured  into  paper 
molds  and  set  aside  in  a  drying  room  until  hard  enough  to  be  readily 
handled.  When  the  molds  are  sufficiently  dry  they  are  subjected  to 
a  dressing  or  trimming  process  and  shaped  to  approximate  dimen- 
sions on  a  potter's  wheel  or  a  shaving  machine,  and  are  then  further 
dried.  The  excess  of  mechanically  included  water  having  evapo- 
rated, they  are  then  ready  for  the  kilns.  The  kilns  nrc^  cone  shaped, 
and  the  inside  measurements  vary  from  12  to  20  feet  in  height  and 
from  10  to  18  feet  in  diameter.  Allien  the  kiln  is  filled  Avith  the 
emery  wheels  the  entrance  is  closed  and  sealed  and  the  fires  are 
started.     The  temperature  is  allowed  to  rise  slowly  until  all  the  water 


Pig.  26. — Dental  points,  wheels,  etc.,  made  of  corundum. 

of  mechanical  admixture  and  of  crystallization  in  the  foreign  mate- 
rials is  driven  oft*,  when  the  tempeiature  is  raised  to  about  3,000°,  or 
to  a  white  heat,  this  heating  process  requiring  several  days.  Where 
the  foreign  materials  mixed  with  the  corundum  contain  water  of 
composition  that  is  driven  off  only  at  a  very  high  temperature  th(^ 
wheels  are  apt  to  be  broken  by  this  water  coming  off  Avhen  the  tem- 
perature of  the  kiln  is  raised  to  the  fusing  point  of  the  clay.  The 
clay  and  other  binding  materials  fuse  and  form  a  porcelain  setting  for 
each  fragment  of  corundum,  which  makes  a  very  strong  bond.  The 
kilns  are  allowed  to  cool  very  slowly,  several  days  being  required  for 
this.  The  kiln  is  then  opened  and  the  wheels  are  brought  to  a  lathe, 
called  the  "  truing  machine,"  where  they  are  turned  to  the  exact 
dimensions  desired,  the  hole  is  bushed  to  the  exact  size,  and  the  wheel 
is  then  trued  and  balanced  ready  for  shipping. 


USES.  1(^7 

The  heat  necessan^  for  the  fusion  in  making  the  vitrified  wheel 
;il)parently  has  no  elfect  upon  the  corundum  beyond  a  partial  decok)r- 
ization  and  the  expulsion  of  the  slioht  percentage  of  water  m  the 
corundum. 

CHElVriCAL    WHEEL, 

Tn  the  process  of  manufacturing  this  wheel,  called  the  silicate  proc- 
ess, silicate  of  soda  is  used  as  the  binding  material.  The  silicate  is 
mixed  with  the  emery  or  corundum  and  some  drying  material  and 
lamped  into  molds.  It  is  then  subjected  to  an  "oven"  heat  for 
(wenty-four  hours,  after  which  it  is  removed  and  finished  according 
(o  the  method  described  above  for  the  vitrified  wheels  after  they  are 
removed  from  the  kilns.  Wheels  over  2,000  pounds  in  weight  have 
Ijeen  made  b}^  this  process. 

CEMENT    WHEEL. 

In  the  cement  wheel,  shellac,  rubber,  linseed  oil,  and  other  sub- 
stances are  used  as  the  binding  material.  This  makes  a  soft  wheel 
that  is  well  adapted  for  roll  and  surface  grinding  wdien  made  with 
shellac,  and  for  saw  gummers  and  thin  Avheels  when  made  with  oils. 

OTHER    USES. 

An  attempt  has  been  made  to  use  corundum  as  a  source  of  alumi- 
num, but  on  account  of  its  refractoriness  and  the  percentage  of  ferric 
oxide  and  silica  that  it  often  contains,  and  on  account  of  the  cost  of 
the  ore,  this  use  has  not  been  found  feasible. 

The  late  Mr.  Alfred  E.  Hunt,  of  Pittsburg,  Pa.,  made  the  following 
statement : " 

Tlie  real  difficulty  which  we  find  in  the  use  of  corundum  for  this  manufacture 
is  the  cost  of  the  raw  material  as  compared  with  that  of  native  bauxites.  In 
this  item  we  include  not  only  the  price  of  the  corundum  as  it  has  been  offered 
to  us,  but  also  the  expense  of  grinding  it  to  an  imi)alpable  powder,  which  must 
be  done  before  it  can  be  used  directly  in  the  manufacture  of  aluminum,  and  the 
cost  of  preliminary  chemical  treatment  for  purification — which  latter  opera- 
tion, however,  is  also  required  for  bauxite. 

Corundum  has  also  been  used  as  the  source  of  the  aluminum  in  the 
manufacture  of  aluminum-copper  and  aluminum-iron  alloys.  In  the 
manufacture  of  these  the  corundum,  without  undergoing  any  pre- 
vious treatment,  was  charged  into  an  electric  furnace  with  a  mix- 
ture of  carbon  and  copper  or  carbon  and  iron,  according  to  whether 
alimiinum  bronze  or  ferro-aluminum  was  desired.  Since  1890,  how- 
ever, when  alumina  began  to  l)e  manufactured  at  a  comparatively 
low^  price,  this  artificial  oxide  has  been  used  in  the  place  of  the 
corundum. 

«  Trans.  Am.  Inst.  Min.  I<]ng.,  vol.  28,  1898,  p.  875. 
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SUGGESTIOIS^S  TO  PROSPECTORS  FOR  CORUNDUM. 

Many  of  the  early  discoveries  of  corundum  were  made  as  discov- 
eries of  many  of  the  other  minerals  have  been  made — that  is,  by  the 
accidental  finding  of  fragments,  which  led  to  systematic  search, 
resulting  in  many  cases  in  the  location  of  extended  deposits.  The 
presence  of  other  minerals  associated  with  corundum  are  important 
indications  of  its  existence.  Thus  the  presence  of  margarite  at  the 
old  iron  mine  at  Chester,  Mass.,  was  to  Prof.  A.  T.  Jackson,  who  was 
familiar  with  its  occurrence,  an  indication  that  corundum  would  be 
found.  His  prediction  was  realized  a  short  time  later  by  the  finding 
of  the  emery  variety  of  corundum,  and  there  subsequently  followed 
the  conversion  of  a  profitless  iron  mine  into  an  extensive  and  profit- 
able emery  mine.  The  finding  of  chlorite  in  connection  with  perido- 
tite  rocks  has  been  the  starting  point  for  the  location  of  a  number  of 
large  corundum  deposits. 

To  anyone  who  wishes  to  search  for  corundum  it  is  suggested  that 
lie  be  thoroughly  familiar  with  the  mineral  itself,  as  well  as  with  its 
associates,  for  many  instances  could  be  cited  where  other  minerals 
have  been  mistaken  for  it.  Thus  the  mineral  albite,  one  of  the  feld- 
spars, is  sometimes  very  similar  in  appearance  to  corundum,  and  has 
been  mistaken  for  it,  but  the  specific  gravity  and  the  hardness  should 
at  once  distinguish  it  from  corundum,  albite  being  much  lighter  and 
softer.  It  is  w^ell  in  prospecting  for  corundum  always  to  have  a 
specimen  of  the  pure  mineral  at  hand  with  which  to  test  the  hardness 
of  any  material  that  may  be  supposed  to  be  corundum.  In  testing  the 
hardness  of  a  mineral  care  should  be  taken  that  all  decomposed  and 
altered  material  be  broken  away  and  that  the  test  be  made  on  the 
pure  unaltered  material. 

Where  it  is  possible  the  prospector  should  visit  either  a  corundum 
mine  or  a  locality  where  prospecting  has  been  done  and  corundum 
been  found  in  place,  and  thus  become  acquainted  with  the  rocks 
inclosing  it  and  its  general  occurrence.  As  has  been  shown  in  the  pre- 
ceding pages,  it  is  rare  that  any  two  localities  are  exact  duplications 
of  each  other,  even  when  they  are  close  together,  yet  there  are  certain 
minerals  that  are  to  be  found  in  the  same  type  of  rock  at  nearly 
all  of  those  occurrences,  and  familiarity  with  these,  even  though  but 
from  one  locality,  will  be  of  considerable  value  in  the  search  for  new 
localities. 

Where  the  deposits  of  corundum  are  associated  with  the  peridotites 
the  mineral  will  be  found  chiefly  near  the  contact  of  the  peridotite 
with  the  gneiss  or  other  country  rock,  and  the  deposits  within  the 
peridotite  area  will  usually  be  small  and  in  a  short  distance  pinch  out. 
Hence  in  prospecting  over  a  peridotite  area  a  careful,  systematic 
search  should  be  made  along  the  line  of  contact.     Corundum  may 
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often  be  observed  first  within  the  peridotite  area,  and,  when  this  is  the 
case,  a  larger  deposit  may  very  reasonably  be  expected  to  be  found 
near  the  contact. 

If,  when  examining  a  peridotite  formation,  no  corundnm  is  found 
along  the  contact  of  this  rock  with  the  gneiss  or  other  country  rocks, 
there  is  little  or  no  need  of  searching  in  the  midst  of  the  formation, 
for  it  is  only  at  the  contact  that  any  large  deposit  may  be  expected  to 
])e  found.  Again,  if  there  are  no  fragments  of  corundum  to  be  found 
at  the  loAver  borders  of  a  peridotite  formation  and  none  can  be 
obtained  by  panning  the  gravel  of  the  streams  flowing  by  them,  there 
is  but  little  probability  that  success  will  attend  any  further  search. 
It  should  also  be  borne  in  mind  that  at  all  the  peridotite  localities 
(>xamined  no  more  than  traces  of  corundum  have  been  found  where 
there  is  a  quantity  of  chromite,  and  that,  on  the  other  hand,  where 
there  is  much  corundum  there  is  a  scarcity  of  chromite. 

Where  crystals  and  fragments  of  corundum  are  found  in  gravel 
l)eds  or  in  the  soil,  they  of  course  indicate  the  existence  of  corundum 
(h^posits  at  some  distance  from  where  they  are  found.  On  account  of 
the  stability  of  this  mineral  when  exposed  on  the  surface,  it  may  have 
l)cen  transported  long  distances  down  the  mountain  slopes  without 
showing  any  appreciable  alteration  and  l)ut  little  abrasion.  When, 
liowever,  it  is  associated  with  certain  minerals,  as  fragments  of  chrys- 
olite (olivine),  chlorite,  or  talc,  it  is  very  probable  that  they  have 
been  transported  but  a  short  distance,  for  these  minerals  would  have 
been  almost  entirely  disintegrated  and  worn  away  before  they  could 
have  been  transported  very  far  or  exposed  very  long  to  surface 
influences.  AVhere  such  fragments  have  been  found,  they  should  be 
followed  up  the  valley  or  incline  by  which  they  could  have  most 
naturally  reached  their  position.  AYlien  following  up  these  gravel 
deposits,  whether  they  are  in  the  actual  or  in  the  old  beds  of  the 
streams,  they  should  be  tested  at  intervals  by  panning,  until  a  point 
is  reached  beyond  which  no  corundum  is  foinid  in  the  gravel,  and  then 
the  search  should  be  carried  on  up  the  hillsides  until  the  parent  rock 
is  located.  If  this  rock  is  a  peridotite,  its  contact  with  the  other  coun- 
try rock  should  be  carefully  examined.  Where  there  is  considerable 
soil  and  decomposed  surface  materials,  the  contact  can  not  always  be 
at  once  located,  and  then  ditches  should  be  cut  through  the  soil  at 
right  angles  to  the  strike  of  the  rock  itself.  When  the  contact  has 
been  found,  the  border  zones  of  the  minerals  should  be  examined  for 
corundum,  a  guide  at  this  point  being  the  chlorites  and  vermiculites 
that  have  always  been  observed  surrounding  corundum  at  the  contact 
of  a  peridotite  with  a  gneiss  or  other  country  rock. 
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Watauga  mine.    See  Reed  mine. 

Webster,  gneiss  in  peridotites  at 29 
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Parting  in  corundum 16-18 
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crop of 28 

corundum  in 28-35 

origin  of 76-92 

review  of  literature  on 76-79 

theory  of si -92 

cross  section,  showing  mass  after  intru- 
sion into  gneiss 83 

relations  of  corundum  to 79-81 

Peridotite  formation  at  Buck  Creek,  N.  C, 
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